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FOREWQRD

-

The reliability achievea by military electronic systems and equipments is
highly dependent upon the proper selection and applicaticn of the electrical v
and electrorics parts used therein. Chapter I of this document provides

-

' requirements for three basic elements of a parts reliability program 3
A consisting of: (1) parts derating, (2) part quality, and (3) design for long t
! 1ife. Chapter II contains derating curves and part selection and application
- Y information on the ten most commonly used electrical and electronic parts. 13
t % Appendices provide information on electrical subjects of interest pertaining b
, to parts application and reliability.,
g ‘ The rapid technology of electronic part and device engineering may cause
some of the information contained herein to become outdated. This is a
DL especially true of the information contained in sections 100 through 1000 of N
@ this document where new military specifications or revisions of those existing Y.
are constantly being generated for new parts and new part types..An view of 3
- the above, contract and military specifications and standards with-~their :
' latest applicable revisions should be ccnsulted for selections and - i
' applications of parts on a specific contract. In addition, this document will F
- be updated annually in order to reflect the latest available 1nformat10/w2
[/ Fl
Requests for copies should be forwarded to: ' X
r Commanding Officer i
v Naval Publications and Forms Center &
| 5801 Tabor Avenue / :
- " Philadelphia, PA 19120-5099 &
) 9 Any comments or changes to distribution should be forwarded to:
h Commander
: : Attention: SEA 004
Naval Sea Systems Command :
Naval Sea Systems Command Headquarters
¥ Washington, DC 20362 .
. and h
A Commanding Officer
: Naval Weapons Station, Seal Beach .
N Fleet Analysis Center, Corona Annex ',s‘.,
RSN Code 383 !

Corona, CA 91720
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' INTRODUCTION ]
{ 3.
f ~3M§ A1l failures are due to stress. Reliable equipment must be designed to Y
@éﬁa endure stress over time without failure. Parameters which stress a design '3
must be identified and controlled. Parts and materials must be selected which .
- can withstand these stresses. Derating is the selection ard applicution of 3
. parts and materials so that applied stress is less the: rated ior a specific o
. application. The derating criteria in this manual has b - develcped to -
3y, Provide designers the greatest flexibility possible in applying parts and .,
Q§§§ materials compatible with the need for rcadiness. .-

) Compliance with these guidelines is a necessary step for
; jnstitutionalizing the relfability by design process and provides a most
effective means of reducing 1ife cycle cost and increasing readiness.
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gﬁ?& 1. SCOPE
ot 04

Chapter 1 of this document specifies derating (including verification
3 testing), quality levels and variability analysis requirements pertinent to a
P parts control program. This document does not specify a complete parts
b control progranm,
/

AN '
&E&j Requirements for selecting standard parts, approving nonstandard
parts, completing reliability predictions, and other requirements of
' MIL-STD-965 are not included in this document. A1l areas not specifically
X related to derating should be specified separately in the equipment
\ procurement specification,

5 E;_k Chapter Il contains part application guidelines for commonly used
military part types. This document also contains appendices on general topics
applicable to parts application and reliability to aid in understanding the
requirements specified in Chapter 1I.

- 1.1 PURPOSE

‘. The purpose of this document is to provide requirements for derating,
¥ quality levels, and variability analysis which can be imposed in equipment
specifications by the acquiring activity. This can be accomplished by
, specifying a1l or part of this document in the purchase contract. Chapter I
b requires documentation such as analysis and the results of tests. Delivery of
' i this documentation, if it is desired by the acquiring activity, must be

‘ﬁﬂ specified in the contract DD 1423.

2. REFERENCED DOCUMENTS

T e T W T " A N TR i i P e XX A R A & XX T

The documents specified herein on the issue in effect on the date of
invitation for bid or request for proposal form a part of the requirements of
Section 3 to the extent they are specified. These documents and other
documents used throughout this document are identified in Appendix I.

P i oo ¥ 20

3 3. REQUIREMENTS
3.1 APPLICATION

© . The requirements of this Chapter are applicable as specified in the

R contract, When this document is cited in a contract any deviation from the
requirements specified in Section 3 herein shall require approval of the
acquiring activity.

3.2 PARTS SELECTION
X 3.2.1 Control Program

The contractor shall implement the requirements of MIL-STD-965 for
' the establishment of a parts control program.




3.2.2 Part Quality Levels

‘A‘ -
o e

vy

See Appendix B for an explanation of part gquality/reliability levels. Naer

3.2,2.1 Microcircuits

Microcircuits shall be MIL-M-38510 Class B as a minimum. Where .
MIL-M-38510 detailed specifications do not exist for a specific microcircuit QEQ?
or no qualified suppliers exist on the qualified products 1ist for MIL-M-38510 Y/
Class B or S, the contractor shall justify the selection of this part to the
acquiring activity. Such microcircuits shall be screened as a minimum to the
screening requirements of MIL-STD-883, Method 5004, Class B requirements.

Such parts are nonstandard and shall be marked with the contractor's part .
number and require nonstandard part approval from the acquiring activity. QSﬂ?

3.2.2.2 Ciscrete Semiconductors

Discrete semiconductors shall be MIL-S-19500 Level JANTX as a
minimum, Where MIL-S-19500 detailed specifications do not exist for a
specific discrete semiconductor or no qualified suppliers exist on the
qualified products 1ist for MIL=-S-19500 JANTX, JANTXV or JANS, the contractor
shall justify the selection of this part to the acquiring activity. Such
discrete semiconductors shall be screened as a minimum to the applicable JANTX
screening requirements of MIL-STD-750., Such parts are nonstandard and shall g
be marked with the contractor's part number and require nonstandard part |
approval from the acquiring activity.

3.2.2.3 Passive Parts @9

.y

. Passive parts shall be selected from Established Reliability (ER)
military specifications and shall meet, as a minimum, the ER failure rate
level of P or higher (i.e., R, S, etc.). When military ER specifications do
not exist or when no qualified suppliers exist for the ER level P or higher,
the contractor shall use an ER level lower than P or other military parts as
allowed by 3.2.1 in that order. The selection of other parts requires
nonstandard part approval by the acquiring activity. See Appendix F for an
explanation of part derating and Appendix A for thermal considerations.

3.3 DERATING

Parts identified in Table I and similar part types shall be derated SABN
electrically and thermally in accordance with Table I. A

The derating criteria in Table 1 and other related sections are
usually based on the temperature of the air surrounding the part. Often the
contractor does a thermal analysis or design in a manner that case, part, or
Junction temperatures are more convenient to use than the air temperature. fﬁﬁb
For these cases the contractor may convert the air temperature requirements of Slee
Table I or any of the derating curves to case, part, or junction temperature.

e
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The conversion of a table or graph from air temperature to case,
part, or junction temperature shall be done so that the actual derating
parameters are not changed. If the contractor converts a table or graph it

must be documented and supplied with any derating deliverable required by the
contract DD 1423.

3.4 DESIGN FOR LONG LIFE

The contractor shall select parts based upon initial tolerance and
tolerance drift due to age and environmental conditions. The contractor shall
verify the adequacy of this tolerance selection by means of variability
analyses.

The variability aralysis shall be done on a worst case basis using a
me+hod from Appendix E or other method acceptable to the acquiring activity.

4, QUALITY ASSURANCE PROVISIONS
4,1 RESPONSIBILITY

When specified in the contract, the contractor shall be responsible
for the performance of such analyses and tests as may be required to verify
that the derating requirements of this contract have been met. The acquiring
activity reserves the right to perform such tests and any analyses deemed
necessary to ensure that the design meets the requirements set forth herein.

4.2 PARTS DERATING VERIFICATION TEST

Part thermal and electrical derating shall be verified through test
by actual measurement of part stress levels and part ambient temperatures.
These measurements shall be performed on at least 5 percent of the equipment
parts. Fifty percent of the candidate parts shall be those having the highest
power dissipation in the equipment. The other fifty percent of the candidate
parts shall be randomly selected. Should the verification test demonstrate
that the derating requirements are not met (i.e., all parts do not meet
temperature and electrical derating requirements), corrective action shall be
implemented and the test repeated on different parts (i.e., 50 percent of
parts having the next highest power dissipation and 50 percent new randomly

selected parts).
5. NOTES
5.1 INTENDED USE

This document is intended to facilitate the application of electrical
and electronic parts in military systems and equipments in such a manner as to
optimize reliability and life cycle costs.

5.2 DEFINITIONS

Terms used herein shall be interpreted in accordance with the
definitions of MIL-STD-721 unless otherwise specified herein.
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6.2.1 Derating "

Derating is the application of electrical and electronic parts in LS
such a manner that the actual worst case electrical and thermal stresses are GGV
Tess than the parts design maximum ratings

| )
5.2.2 Electrical and Electronic Part ;;}
(e
An electrical active or passive component, a microcircuit, or a ¢:&: o,
discrete semiconductor. R,
y 5.2.3  Rated Stress "
The maximum stress for which a part is specified to withstand. The i
_; ratings of most parts decrease as the operating temperature is increased. .;QQ L
'F‘\::.:; "‘.
‘ 5.2.4 Application
' The method in which an electrical or electronic part is used, which E'
{ influences its predicted failure rate as well as the effect of its possible N
y failure modes. g
. 5.2.,5  Stress '
3 v :
; Physical or electrical forces imposed on the electrical or electronic ;)
X part, such as temperature, current, voltage, power dissipation, etc., which L1
3 affect part failure rate. 1
/ . 1]
.2.6 N L .
5 Stress Ratio - )
! The numeric ratio between the applied stress and the maximum rated k
! stress for a given pirameter, e.g., applied voltage divided by rated voltage. I

» X
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PARTS DERATING REQUIREMENTS FOR SEMICONDUCTORS

TABLE I-III

\ ELECTRICAL MAXIMUM DERATED
! PART MIL-SPEC MAX, TEMPERATURE
i TYPE PARAMETER ELECTRICAL STRESS (°C)
’ Diodes MIL-S-19500 | Power See derating See derating
requirements on | requirements on
1 page 300-11, page 300-11.
L
3 Forward Current
’ (Continuous) 50
_ Current (Surge) 70
i Inverse Voltage 65
|
. Transient
) Voltage 80
j Transistors|MIL-S-19500 | Power See derating See derating
s requirements on | requirements on
b page 300-11. page 300-11.
) Forward Current
J (Continuous) 70
! Forward Current
! (Surge) 75
: Breakdown (Reverse 70
) Junction) Voltage
Thyristors |MIL-S-19500| Power See derating See derating
requirements on | requirements on
page 300-11, page 300-11.
Current (Surge) 70
. Turn=off Time 200 minimum
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100 RESISTORS
100.1 GENERAL INFORMATION

Standard resistors are specified in MIL-STD-199. MIL-STD-199 is
the key overall specification for resistor selection. This standard presents
detailed data for use in the design of military equipment. Data is presented
on terminology, resistor selection, environmental effects on characteristics
and 1ife, applications, application data, failure rates, and aging.

Resistors are functionally classified as fixed and variable
(adjustable). Resistor construction is of three general types: composition,
film, or wirewound and cor.:st of a resistive element mounted on a base
(chassis) with environmental protective coating and external electrical leads
to allow insertion into an electrical circuit. Composition resistors are made
from a mixture of resistive material and a binder and are molded into a shape
and a specific resistor value. Film resistors are composed of a resistive
film deposited inside or outside an insulating cylinder or filament. The
wirewound type is composed of resistive wire wound on an insulative body.
These three basic types of resistors differ from each other in relfability,
size, cost, resistance range, power rating, and general characteristics. No
one type has all the best characteristics. The choice among them depends on
{nitial and long-term operating requirements, the environment in which they
must exist, and numerous other factors.

The first considerations in evaluating resistors are the power
handling capacity and tolerance. The power handling capacity normally
determines the size of the resistor. For example, 1f an applicatiun requires
more than one watt, a two watt power wirewound resistor will be the 1ikely
choice, If the tolerance needed is + 2 percent or tighter, the resistor
should inevitably be a precision wirewound or film resistor. However, the

selection of a resistor also depends on the other application and derating
program requirements.

For example, in the design of an audio amplifier, where noise is
a significant criterion, the probable chcice is a metal-fiim resistor, though
these resistors cost more than carbon resistors. On the other hand, in data
processing equipment, the termination resistors are usually low cost
composition resistors, Analog-to-digital and digital-to-analog circuits
require precise ratio matching and temperature tracking, which will point
towards precision-wirewound or precision-film resistors. Operational

ampiifiers requiring long-term stability also dictate the use of precision
wirewound or film resistors.

Some of the principal use applications for the various types of
resistors are provided in Table 100-I.

100-1

LN L e s
PR Y .2.03'.,&,

>

C R

g - -
C AL e,

(e

NI

Py

o

o e

-

e ars

o

Y S g ]

X

[

=

x
=

S

AR R AT AT LS L A At vl
PN W AN A R RS



a5 S
o

TABLE. 100-1

L3

:5! . USE -APPLICATIONS OF RESISTOR TYPES

7:\'-2 .qup
RESISTOR TYPE MIL-SPEC NO. APPLICATION Nt
: Fixed

5% Fixed, wire- MIL-R-26 Use where large power dissi-

o wound, power pation 1s required and where e
N - type ac performance is relatively o
r ' unimportant (i.e., when used

e as voltage divider, bleeder

resistors in dc power supplies,

or series dropping). They are .

generally satisfactory for use ngg
at frequencies up to 20 kHz VAL
even though the ac characteris-

tics are not controlled.

Neither the wattage rating nor

the rated continuous working

voltage may be exceeded.

-
R

PR el

L
Fixed, wire- MIL-R-18546 Use where power tolerance
gg wound, power : and relatively large power
! type, chassis dissipation 1s required for
g? mounted a given unit size and where ac
& performance is non-critical
. (1.e., voltage divider, :
bleeder resistors in dc power @

supp'Hess or series-dropping

circuits
Variable
Variable, MIL-R-94 Use where initial setting
composition stability is not critical and

long term stability needs to

be no better than + 20 percent.

| Variable, wire- MIL-R-19 Use primarily for noncritical,

wound, Tow Tow power, low frequency
operating applications where character- éﬁl@
temperature istics of wirewound resistors ROA

are more desirable than those
of composition resistors.
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RESISTOR TYPE

Variable, wire-
wound, power type

-Variable, wire-

wound, precision

Variable, wire-
wound, semi-
precision

Variable, wire-
wound, adjustment
type

vVariable, non-
wirewound,
adjustment type

Variable, metal
film, nonwire-
wound

Variable, non-

a3 wirewound,
RS
z,&u precision
" \
oY
ARSI ALY

'w

TABLE 100-1 (CONT'D)

MIL-SPEC NO.
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MIL-R-12934

MIL-R-39002

MIL-R-27208

MIL-R-22097

MIL-R-23285

MIL-R-39023

100-3

MMM TR VAINIMA N AN L 1. AR

APPLICATION

Use in such applications as
motor speed control, generator
field control, lamp dimming,
heater and oven control,
potentiometer uses, and
applications where variations
of voltage and current are
expected.

Use 1n servo-mounting appli-
cations requiring precise
electrical and mechanical
output and performance. Used
in computer, antenna, flight
control, bomb-navigation
systems, etc.

Use for matching, balancing,
adjusting circuit variables
in computers, telemetering

equipment, and other critical

applications,

Use for matching, balancing,
adjusting circuit variables
in computers, telemetering
equipment, and other critical
applications.

Use for matching, balancing,
adjusting circuit variables
in computers, telemetering
equipment, and other critical
applications.

Use where initial setting
stability is not critical and
long term stability needs to
be no better than + 5 percent.
RVC resistors have low noise
and long 1ife characteristics.

Use in servo-mounting applica-
tions requiring precise elec-
trical and mechanical output
and performance. Used in
computer, antenna, flight
control, and bomb-navigation
systems, etc.
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TABLE 100-1 (CONT'D)

RESISTOR TYPE
Fixéd, Established

RE|‘&61|'E!

Fixed, composi-
tion, insulated

MIL-R-39008

Fixed, fiim
high stability

MIL-R-55182

Fixed, wire=
wounq, accurate

Fixed, wire- MIL-R-39007
wound, ﬁower
type, chassis

mounted

100-4
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MIL-SPEC NO.

MIL-R-39005

APPLICATION

Use insulated resistors for
general purpose resistor
applications where initial @
tolerance heeds to be no
closer than + 5 percent und
long term stability needs to
be no better than + 15 percent
under fully rated operating
conditions,

Use in circuits requiring

higher stability than provided

by composition resistors or

film, insulated, resistors and
where ac frequency requirements

are critical. Operation is
satisfactory from dc to

100 MHz, Metal films are
characterized by low

temperature coefficients and

are usable for ambient "
temperatures of 125°C, or Q
higher with small degradation,

Use in circuits requiring
higher stability than provided
by composition or film _
resistors, and where ac
frequency performance is not
critical. Operation is
satisfactory from dc to 50 kHz,

Use where power tolerance

and relatively larger power
dissipation is required for iy
a given unit size than is =@wp
provided by MIL-R=26 resistors, -
and where ac performance is
noncritical (i.e., voltage
divider, bleeder resistors in
dc power supplies, or series-
dropping circuits). ﬁgﬁ%
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RESISTOR TYPE

Fixed, film,
insulated

Fixed, wira=

wound, power

type, chassis
mounted

Fixed, film, chip

Variable, Established

RO

Variable, wire-
wound, lead
screw actuated

Variable, non-
wirewound,
adjustment

Special

Networks, fixed,
film

TABLE 100-1 (CONT'D)

MIL-SPEC NO.

MIL-R-39017

MIL-R-39009

MIL-R-55342

MIL-R-39015

MIL-R-39035

MIL-R-83401

100-5

APPLICATION

These film resistors have
semi-precision characteristics
and small sizes. Design
parameter tolerances are
loose, but good stability
makes them desirable in most
electronic circuits.

Use where power tolerance and
relatively large power dissipa-
tion is required for a given
unit size and where ac perfor-
mance is noncritical

(i.e., voltage divider, bleeder
resistors in dc power supplies,
or series-dropping circuits).

Use these chip resistors in
thin or thick film hybrid
circuitry where micro
circuitry is indicated.

Use for matching, balancing,
and adjusting circuit variables
in computers, telemetering
equipment, and other critical
applications.

Use for matching, balancing,
adjusting circuit variables
in computers, telemetering
equipment, and other critical
applications.

Use in critical circuitry where
stability, Tong 1ife, reliable
operation, and accuracy are of
prime importance. They are
particularly desireable for
use where minfaturization is
important. They are also
useful where a number of
resistors of the same

resistance values are required .

in the circuit.

R
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Some of the typical performance characteristics of various types
of resistors can be found in Table 100-11.

Commercial grade, military grade, and military established
reliability (ER) grade resistors are physically and functionally identical
except for failure rate levels. These failure rate levels vary in orders of
magnitude. Whenever possible, an ER resistor, failure rate level of "P" or
higher reliability, shall be used. Figure 100.1 represents a comparison of
the predicted part operating failure rates for established reliability
resistors. The part operating failure rates shown are developed from the part
operating failure rate models from MIL-HDBK-217D, The part operating failure
rates are representative of a given military environmental condition and
stress Tevel and are not necessarily in the same proportion for other
environments or operating conditions.

100,2 APPLICATION CONSIDERATIONS
100, 2.1 RESISTOR MOUNTING

Resistor mounting plays a critical role in resistor reliability.
The mounting determines to a large extent how thermal stress, shock, and
vibration are transmitted from the environment to the resistor. Mounting
guidelines are presented below.

a. Large resistors should be provided with some adequate means
of mounting other than the leads. Under conditions of vibration or shock,
lead failure can occur, and the larger the mass supported by the Teads the
more probabls leads will fatigue. Even when vibration or shock 1s not a
serious problem, ease of assembly and replaceability suggest that large
components be individually mounted. Resistors should be mounted in such a
manner that the body of the resistor is restrained from movement with respect
to the mounting base. It should be noted that the heat dissipating qualities
of the resistor can be enhanced or retarded depending on whether the clamping
material is a good or poor heat conductor.

b. Maintain lead lengths to a minimum. The lead contacts with
the PCB act as a heat sink.

¢. Where temperature variations are present, leads should be
offset (bent slightly) to allow for thermal contraction and expansion (thermal
stress relief).

d. Close tolerance and low-value resistors require spzcial
precautions (i.e., short leads and guod soldering techniques) since the
resistance of the leads and the wiring and a poor solder joint could be as
much as several percent of the resistance of the resistor.

e. When resistors are mounted in rows or banks, they should be
so spaced that, taking into consideration the restricted ventilation and heat
dissipation of nearby resistors, no resistor in the row or hank exceeds its
maximum permissible hot~spot temperature. An appropriate combination of
resistgr spacing and resistor power rating snould be chosen if this is to be
assured,

100-6
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TABLE 100-11

iy TYPICAL PERFORMANCE CHARACTERISTICS OF VARIOUS RESISTOR TYPES
S
CHARACTER- CARBON CARBON METAL POWER PRECISION
ISTICS COMPOSITION FILM FILM WIREWOUNDS | WIREWOUNDS
@ ResTstance [Z.7% 10 0T %o O to 0.8 to [ 0.T8
' Range 100 MQ 25 M@ 3 MQ 160 kQ 273 kQ
Power
rating (W) 1/8 to 2 1710 to 2 |1/20 to 2 |5 to 225 1 to 15
Initial
Tolerance 20% to 5% 10% to 2% |1% to 0.1% [10% to 5% 1% to 0.05%
Temperature
coefficient
resistance |[+200 +200 Less
(TCR) to to 100 than +50
(ppm/°C) +1500 +500 typ +260 typ
4 Resistance 1
change after -
over-voltage
(2 1/2 times
v rated for Figures not
m 5s) 0.5% typ +1% typ available |2%max 0.2% max
[y O AR P S AU NSy R —— I
Noise 1
. (resistance |Less than Less than |[Less than |Not Not.
| below 1 Mg) bszV/V 10s2V/V c.1Qv/y applicable | applicable
Operating Up to Up to Up to Limited to | Limited to
frequency 1 MHz 100 MHz 400 MHz audio freq. audio fregq.
.............. £ o o o v 0 e e e o o o e e e e o e o e e i e o i e 0
Stability MIL-R-39008 |MIL-R-55182 MIL-R-39017WMIL R-39007 | MIL-R-39005 ﬂ
per MIL
specs
. Resistance
tﬁi?‘ changes
N from
Moisturel 6% typ 0.3% 0.4% 0.5% 0.2%
High temp? |-2.0 to 10.1%|2.0% 0.5% 0.5% 0.5%
Load 11fed -3.0% typ 0.5% 0.5% 3% max 0.5%
;5{3 Relative Least Moderately |Moderately Moderate1y Most
S cost expensive expensive |expensive |expensive expensive

D 1. Temporary resistance change from nominal value @ 25°C when resistor is
' brought to 105°C,

. 2. 240 hours @ 95% relative humidity @ 40°C,
ey 3. Load 1ife is 1000 h @ rated voltage and ambient temperature.
ot 4, Depends on manufacturing process. Hot-molded carbon composition resistors

ﬁrovide lower noise than other carbon composition resistors, but at a
1gher cost.
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CAUTION: THESE VALUES ARE GIVEN FOR
ILLUSTRATING PURPOSES ONLY

; 9 AND SHALL NOT BE CONSIDERED
RLR | (2.1 failures/107 hours) ABSOLUTE. THE EXACT FAILURE  fh
. 9 RATE DEPENDS ON THE MAXIMUM QLY
RNR (2.4 failures/10” hours) TEMPERATURE RATING AND
RESISTANCE VALUE
RCR (2.7 fai1ures/109 hours)
9, . €§§§
RBR (8.6 failures/10” hours)
RER {13.5 faﬂures/lo9 hours) 3{]
, \ _
e
RWR (22.1 faﬂures/lo9 hours) WAK I ‘ ::§
. . )
RTR (32.5 failures/10” hours) " 1.0 \’§1

RJR (48.1 failures/lo9 hours) n, = 1.0 \gz

Note: For RTR and RJR resistors, my,pc = 1.24.
FIGURE 100.1

RELATIVE PART OPERATING FAILURE RATES FOR ER TYPE RESISTCRS (PREDICTED)*

*Establishment of Ratios: ”
- - rediction Methods : i
Naval Sheltered environment
Ambient temperature (Tp) = 70°C

, Stress ratio (S) = 0.1

! Failure rate level = "p"

Resistance factor = 1

ry = Yoltage factor

7TAPS = Potentiometer taps factor °

Lo e, Wy
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f. For resistors mounted in series, consider the heat being
conducted through the leads to the next resistor,

g. Large power resistors should be mounted to the metal chassis
for heat dissipation.

h. Do not mount high-power resistors directly on terminal or
printed circuit boards without heat sinks,

@ 1. To provide for the most efficient operation and even heat
distribution, power resistors should be mounted in a horizontal position.

J. Select mounting materials that will not char, and design
mounts so they withstand strain due to thermal expansion and contraction.

k. Consider proximity to other heat sources as well as self heat.

1. A resistor that dissipates over two watts can char a terminal
board. A charred board will have a lower insulation resistance than an
uncharred board.

m. Supplementary insulation should be used if a resistor
normally mounted directly onto a chassis 1s to be used at a higher potential
above ground than 1s specified for the resistor. However, the mounting must
be able to still dissipate the generated heat.

n. Assembly techniques can affect resistor reljability.
. Resistors should never be overheated by excessive soldering-iron heat, and the
‘ii@ resistor leads should not be abraded by assembly tools. Normal soldering
praciice should include heat sinking to the extent that the resistor will not
be phy:ica11y damaged or its resistance value changed from the soldering
operation.

0. When choosing a resistor, take care to ensure that the power
rating of the unit will be sufficient to handle the higher current produced
when the resistance 1s reduced, particularly if 1t is being used in series as
a voltage-dropping resistor,

100.2.2 TEMPERATURE EFFECTS

Inadequate heat dissipation is the predominant cause of failure

;13‘ for any resistor type. Figure 100,2 depicts the manner in which heat is

N, dissipated from fixed resistors in free air. The lowest possible resistor
surface temperature should be maintained using radiation, conduction, and
convection to the fullest extent to accomplish the necessary dissipation.
Under normal atmospheric conditions (25°C, 30 in. Hg), resistors up to two
watts dissipate heat in the following proportions: 10 percent radiation,

TN 40 percent convection and 50 percent conduction through leads. Resistors with

34 substantially larger wattage ratings, by virtue of increased surface area,
dissipate heat in proportions of: 50 percent radiation, 25 percent convection
and 25 percent conduction through leads. *

)
.

T
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RADIATION

LEAD .
CONDUCTION %
LEAD
RADIATION CONDUCTION
CONVECTION

CONVECTION

|~

RESISTORS ABOVE 2 WATTS RESISTORS 2 WATTS AND BELOW
FIGURE 100.2

HEAT DISSIPATION OF RESISTORS UNDER ROOM CONDITIONS

Thermal disripation considerations for the three methods of heat

transfer include: "
a. Radiation considerations: !“““

(1) Maximize spacing between resistors that generate heat to
reduce cross-radiation heating effects.

(2) Place resistors so that adjacent large metallic areas are
located to absorb significant amounts of radiated heat.

(3) Use vented or similar types of body clamps on larger size
resistors.

b, Conduction considerations:
(1) Use resistors with thick leads and minimum length, fg55

(2) Terminate resistor leads at tiepoints of sufficient mass
to perform the function of a heat sink.

(3) Mount large size resistors with body clamps to large e

metallic masses (such as the chassis). AN
20
g2
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4
¢. Convection consideratiois: Eﬁ

{1) Maximize spacing between resistors that generate heat to

allow reduced resistance to air flow. -
(2) Orient resistors and provide baffles where needed for ﬁﬁ |
B exposure to air flow by both natural and forced 3
convection, b
AT P
b Power dissipation per unit of resistor area is specified in ' ?¥
MIL-STD-199., The surface temperature rise of specific resistor types can y
usually be obtained from vendor resistor specifications. e
y
. 100.2.3 FORM FACTORS AND PREFERRED RESISTANCE VALUE
- Q For physical form and preferred resistance values of each
" resistor style, see MIL-STD=199 or the appropriate resistor detailed military 5 .0
specification. 2
100.2.4 VARIABLE RESISTORS E“

(4
o

The use of variable resistors is not preferred for high
reliability applications. These resistors are not hermetically sealed.
Therefore, they are susceptible to degraded performance due to the ingestion
of soldering flux, cleaning solvents, and conformal cocatings during equiﬁment
fabrication. Variable resistors also contain moving parts that wear wit

: use. The reliability of variable resistors is relatively low when compared to
i fixed resistors. When variable resistors must be used, the following
ﬁ? precautions should be followed:

RS 3

5

a. For variable resistors, enclosed units should be used to keep
, out as much dust and dirt as possible and to protect the mechanism from
mechanical damage. The presence of lubrication 011 can cause dust or wear
particles to concentrate within the unit,

"
n - s

g =c=

X J

1 b. For variable resistors, it is necessary to provide some E&
method of preventing movement of the wiper arm, other than those movements R
required during operation. Far resistors which are not in continuous use. the N
short locked shaft with a slotted end is preferred. For continuous use, the bq

high torque shaft will limit the amount of motion due to shock, vibration, and
accidental movement. Where it is absolutely necessary to have a long shaft, a - .

;ﬁﬁ?, coupled extension is preferred to one long integral shaft. Regardless of the :ﬁ;
Wi type of shaft, th» use of oversize control knobs which permit high rotational E\f
torque will generally result in damage to the integral stup. Use the smallest }jﬁ

1 size knob to reduce applied torque. e
w c. When a variable linear resistor is being used as a voltage -

. §3§3 divider, the output voltage through the wiper will not vary linearly if .jﬂ
o N current is being drawn through it. This characteristic is usually called the s%
| “loading error.” To reduce the loading error, the load resistance should be ¢
o at least 10 to 100 times as great as the end-to-end potentiometer resistance. ,ﬁ%
[l u_‘.: -

. d. In potentiometer applications it is necessary to bear in mind

2 the fact that the load currert as well as the "bleeder” current will be Pl

T flowing through a part of the resistor and will con®»ibute to the heating Q§
effect. .

o.'f.
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100.2.5 COMPOSITION -RESISTOR APPLICATION CONSIDERATIONS I :

Composition resistors are small, inexpensive and have good
reliability when properly used. They have poor resistance stability, high
noise characteristic, and appreciabie voltage and temperature coefficients. , ? .
They do, however, have good high-fregquency characteristics although this 3
characteristic is not controlled by specification. Other application |
considerations of compcsition resistors include:

.1

a. Exposure to humidity may have two effects on the resistance ;33§ t

value: (1) Surface moisture can result in leakage paths which will lower the £
resistance values, or (2) absorption of moisture into the element may increase .

the resistance. These phenomena are more noticeable in higher resistance
ranges. When exposed to humid atmosphere, operating at low power levels or -
during shelf storage, equipment nonoperating, and shipping, resistance values
can change by as much as 15 percent. '

P

b. Resistor characteristics can be permanently damaged by :
exposure to high operating temperatures. y

SN n KR P

c. The resistance-temperature characteristic for composition §
resistors is higher than for other resistor styles covered by military o
specifications. , N

I , d. Tharmal agitation (Johnson noise) and resistance fluctuations , :

b, (carbon noise), present only when current is flowing, are characteristic of y

I carbon composition resistors., Use of these resistors, in low level ' : R

, high-resistance (1 megohm or more) circuits should be avoided. The expected .
noise level is approximately 3 to 10 microvolts per volt. A film or wirewound = .
resistor will usually yield lower noise levels. Q

e. MWhen used in high frequency circuits (1 MHz and above), the 4

y effective .resistance will decrease as a result of dielectric losses and shunt lf
capacity (both end-to-end and distributed capacity to mounting surface), High 4
frequency characteristics of carbon composition resistors are not controlled o
by specification and hence are subject to change without notice. 3
%l
g f. Care should be taken in soldering resistors, since all t&
\ properties of a composition resistor may be seriously affected when soldering ]
irons are applied too closely to a resistor body or for too long a period. N

The length of lead left betwen the resistor body and the soldering point
should not be less than 1/4 inch. Heat-dissipating clamps should be used, if
necessary, when soldaring resistors in close quarters. In general, if it is N
necessary to unsolder a resistor to make a circuit change or during e
maintenance, the resistor should be discarded and a new one used.

r,
Ze e
o
e
g
—w

-,

By oo KX

g. Fixed composition resistors exhibit little change in
effective dc resistance up to 100 kHz. Resistance values above .3 megohms .
start to decrease in resistance at approximately 100 kHz. Above a frequency ;}w;
of 1 MHz, all resistance values exhibit decreased resistance. However, the Ry
resistor operates as a pure resistance free from a reactive component into the
megacycle region.
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h. Nominal minimum resistance tolerances available for fixed,

. composition resistors are + 5 percent. Combined effects of climate and
~operation on unsealed types can raise this tolerance to + 15 percent. These
‘effects include aging, pressure, temperature, humidity and voltage gradient.

i, Composition elements of variable resistors can wear away

after extended use, leaving particles of the element to permeate the

mechanism. .This can result in warmer operation and h1gh resistance shorts

A‘,within the variab1e resistor.

e J.- These variable resistors shou1d not be used at potentials to
ground or case greater than 500 volts peak. unless supplementany insulation 1s

‘,provided

100,26 FILM RESISTOR GENERAL APPLICATION CONSIDERATIONS

Genera1 application considerations are noted: be1ow"i

-4, Film-type resisters have the best high-frequency performance

of 211 resistor types. The effective dc resistance for most resistance values

remains fairly. constant up to 1C0 MHz and decreases at higher frequencies. In

genera1 the hiqher the resxstence va1ue the greater. the effect of frequency.

b. Some 1ower power, tighter tolerance f11m resistors are quite

' suscepbib1e to e1ectrostat1c damage (see Appendix C, DOD STD-1686'

DOD-HDBK~253).

Film resistors are recommended for use where high stability

and’ close to1erence resistance values are required. That s, where the
resistance value must be accurately maintained over a broad range of

temperature or fér long periods of equipment storage and operation.
Regardless of the purchase tolerance (nominally + 1 percent or less), the
design should be able to tolerate a + 2 nercent shift in resistance to assure
long 1ife reliability in military applications.

d. Operation at radio frequencies above 100 MHz carn produce
1nductive effects on spiral-cut types.

e. The resistance-temperature characteristic of fiim resistors
is fairly Tow (+ 500 PFM/°C and + 200 PPM/°C} for thick film types (RLR) and
very low (+ 25 PPM/°C for metal f1Im types (RNR)). Metal film resistors can
experience temporary or permanent changes in resistance under operation in
extreme tenperatures.

f. Additionally, film resistors are capable of tight tolerance
and high stability. Minimum resistance tolerance available is 0.1 percent.

g. Operation at reduced frequency may produce inductive effects
on spiral-wound types; skin inductive effects are negligible,

h. Exposure to moisture can seriously affect this type of
resistor if not protected by moided or ceramic casing or internal deposition
of the resistance element. .
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. i. Carbon-film resistance elements are susceptible to physical
‘ damage; hermetic seals are preferred for film-type resistors.

J. The noise level of variable film resistors 1s quite low
compared to variable composition resistors.

- e
%
Y RPN

¢ k. The resistance values of variable film resistors are subject

A to change when they encounter shock, acceleration, and high frequency

b vibration force. Care should be taken to assure that the design can tolerate

! 6 percent variation in resistance at the contact arm when the shaft is é@ﬁb

unlocked, i

T e O

-

Ll
i 1. Consideration should be given to temperature rise and ambient

! temperature of variable film resistors under operation in order to allow for
the change in resistance due to resistance-temperature characteristic. The
resistance-temperature characteristic is measured between the two end £
terminals. Whenever resistance~temperature characteristic is critical,
var1:§1onddue to the resistance of the movable contact should also be
considered.

100,2.7 WIRENOUNb RESISTOR, GENERAL APPLICATION CONSIDERATIONS

(F3

o e

@ A R

P ==

General application considerations are noted below:

Though some resistors are constructed using reverse Pi-winding,
¥ Ayrton-Perry or bifilar winding to reduce inductance, they are not designed
for high frequency applications where ac performance is of c¢ritical
importance. They are especifally suited for use in dc amplifiers, electronic
computers, meters, and laboratory test equipment. If used in high frequency -
y circuits, adequate caution must be observed to ensure satisfacatory Q!!@
W performance. ) v
. 5
3. Wirewound resistors have inductive and capacitive effects and ,f
are normally unsuited for use above 50 kHz. Wirewound resistors usua11¥ )
eg?ibit an increase in resistance with high frequencies because of the "skin"
effect,

, P

b. Application of voltages in excess of the voltage rating can
cau§$ insulation breakdown in the thin coating of insulation between the
windings.

c. The use of {apped resistors is to be avoided, Insertion of -
taps weakens the resistor mechanically, lowering the effective power ratings. (e Eg

d. The presence of moisture may degrade coating or potting - Y
compounds used in these resistors. X

e. MWirewound resistors employing a plastic or ceramic bobbin are
susceptible to mechanical damage resulting from vibration, shock, and pressure.

shock or high frequency forces are encountered, the bodies of these resistors

t
f. Due to thkeir size and weight, in applications where severe . t
p
should be constrained from movement. ]
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g. Wirewournd, power resistors have high stability, medium
temperature coefficient, high reliability, negligible voltage coefficient,
poor high-frequency characteristics, negligible noise, and are capable of
dissipating considerable heat.

h. Wirewound, accurate resistors are physically large compared
to composition types of the same power rating. They exhibit very high
stability, negligible voltage coefficient, and high-frequency characteristics
probably good to 50 kHz maximum, Operation above 50 kHz may produce inductive
effects and intra-winding capacitive effects.

1. Wirewound resistors are used where high ¢ost and size are not
important and operational environment can be controlled. :

J. Wirewound power variable resistors are generally not
supplied in low tolerance, since most applications for this type do not
require accurate resistance,

k. Fixed, wirewound, accurate resistors are physically the
largest of all tyqes for a given resistance and power rating, since they are
very conservatively rated.

' 1. The variable wirewound resistors have the highest allowable
noise specification for variable resistors. These wirewound resistors are
subject to noise because of stepping of the contact from wire to wire,

- m. The variable wirewound resistors have the lowest temperature
coefficient and the most stable characteristic of any potentiometer,

100.3 DERATING FACTORS

For high reliability, resistors shall be derated according to the
derating requivements specified herein. The resistor operating temperature
range shall be compatible with anticipated equipment operating temperature,
and hemietically sealed resistors shall be used in environments where
anticipated relutive humidity may exceed 80 percent.

In ac applications the rms (root-mean-square) values of voltage

or current are used to determine the effective power used in reliability
c2lculations. The resultant stress ratio is determined as follows:

» P applied
§ rate

101 RESISTORS, FIXED
101.1 MIL-R-26, RESISTORS, FIXED, WIREWOUND (POWER TYPE), (STYLE RW)
101.1.1 APPLICATION CONSIDERATIONS

101.1.1.1 Substitution

Use MIL-R-39007 style RWR resistors instead of MIL-R-26 style RW
when applicable.

100-15
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101.1.7.2 Operating Temperature

The maximum operating temperature is 1imited to 200°C. Above 1 '
200°C, the resistors are subject to “outgassing" of the volatile materials o
used in their fabrication. \

101.1,2 DERATING REQUIREMENTS

o @ o

8. Steady-state conditions - When using these resistors under .
steady-state power conditions, derate according to the maximum allowable @
derating curve for power as shown in Figure 100,3.

T S P

b. Pulse condition = This resistor is not suitable for pulsed

N
: circuits. %
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u DERATING REQUIREMENTS FOR STYLES RW 29, 31, 33, 35, 37, 38, 47, 56 f
i 10,2 MIL-R-18546, RESISTORS, FIXED, WIREWOUND, (POWER TYPE, CHASSIS S
: . MOUNTED), (STYLE RE) L2
101.2.1 APPLICATION CONSIDERATIONS 4
| 101.2.1.1 Substitution ‘
\ Use MIL-R-39009 style RER resistors instead of MIL-R-18546 f’;ﬁ s
: style RE when applicable. A
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101.2.1.2 Operating Temperature

The maximum operating temperature is limited to 185°C, since
above 185°C, the resistors may be subject to "outgassing" of the volatile
materials used in their fabrication. '

101.2.2 DERATING REQUIREMENTS

a. Steady-state conditions - When using these resistors under
steady-state power conditions, derate according to the maximum allowable
derating curve for power as shown in Figure 100.4,

b. Pulse conditions ~ When using these resistors under pdlsed
conditions, the following three conditions shall be met.

(1) The average power shall be less than or equal to the
maximum allowable derating curve for power as shown in
Figure 100,4.

(2) The peak voltage shall not exceed 70 percent of the
dielectric breakdown voltage or the maximum short-time
overload voltage, whichever 1s less as specified by the
appropriate resistor military specificaton (MIL-R-18546),

(3) Care shall be taken to insure that the instantaneous peak
resistor body temperature does not exceed 210°C.
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102 RESISTOR, VARIABLE

B =

! 102,1 MIL-R~94, RESISTORS, VARIABLE, COMPOSITION, (STYLE RV) 5

; 102.1.1 APPLICATION CONSIDERATIONS e

§ 102.1.1.1  Selection of Bushing ]
a {
ﬁ Type S bushings have longer rotational 1ife than Type T ) '
0 bushings. Hence, Type S bushings shall be used whenever possible to assure gﬁgr

f longer 11fe. , -
E 102,1.1.2  Shelf Life

'3 An average resistance change (AR) of 20 percent per year under o

§ normal storage conditions s estimated. §§§§

§ 102.1.1.3 Temperature Characteristics :
o An average change + 8 percent due to thermal cycling is estimated. E
$ 102,12 DERATING REQUIREMENTS
AN

a, Steady-state conditions - When using these resistors under .

k steady-state power conditions, derate according to the maximum allowable 1
ﬁ? derating curve for power as shown in Figure 100,5, f
A |
o b. Pulse condition - This resistor is not suitable for pulsed !

| : circuits. @
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102.2 MIL-R-19, RESISTORS, VARIABLE, WIREWOUND (LOW OPERATING
TEMPERATURE), (STYLE RA)

102,2.1 APPLICATION CONSIDERATIONS

&%
o
Ao

102.2,1.1 Selection of a Safe Resistor Style

- The wattage ratings of these resistors are based on operation at
W 40°C, mounted on a 16 gage steel plate, 4 inches square. This mounting
B technique shouid be taken into consideration when the wattage is applied

during specific applications. For other types of mountings, the ratings must
be properly modified.

. 102.2.1.2 Linear and Nonlinear Tapers

. ¢§§$ As shown in Figure 100,6, Taper A is a linear resistance taper,
‘ which 1s one having a constant change of resistance with angular rotation,
while Taper C 1s a nonlinear resistance taper, which has a variation in the
change of resistance with angular rotztion.

100~

o

$0f=

L1 o

NOMINAL CENTER
RESISTANCE VALUE
I

0 A d ) I | —
0 20 40 50 60 80 100

PERCENT OF TOTAL NOMINAL RESISTANCE

o PERCENT ELECTRICAL ROTATION
a0 CLOCKWISE ROTATION

LEFT TERMINAL RIGHT TERMINAL

& FIGURE 100.6

LINEAR AND NONLINEAR TAPERS FOR R& RESISTORS

&:ﬁ‘iﬂ 102,2.2 DERATING REQUIREMENTS

T a. Steady-state conditions - When using these resistors under
: steady-state power conditions, derate according to the maximum allowable
derating curve for power as shown in Figure 100.7,

| Qﬁ.% b. Pulse condition - This resistor is not suitable for pulsed
w” circuits.
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FIGURE 100.7
DERATING REQUIREMENTS FOR STYLES RA 20, 30
1023 MIL-R-22, RESISTORS, VARIABLE, WIREWOUND (POKER TYPE), (STYLE RP) Q
(UNENCLOSED) .
102,3.1 APPLICATION CONSIDERATIONS

102.3.1.1  Selection of a Safe Resistor Style

The watta?e ratings of these resistors are based on operation at
25°C, mounted on a 12 inch square steel pane), .063 inch thick (4 inch square
x 0.050 inch for RPO5 and RPO6), This mounting technique should be taken into
consideration when the wattage is applied during specific applications. For
other types of mountings, the ratings should be properly modified.

102.3.1.2 Supplementary Insuiation

ill:g:\‘\
Gl
These resistors should not be used at gotentials above ground ~
greater than 500 volts (250 volts for RPO5 and RPO6) uniess supplementary
insulation is used.
102,3.1,3 Electrical Off Position gy
iy
Care should be exercised in specifying the electrical off w2
position when resistors are required to break dc circuits having potentials 1n
excess of 40 volts.
."\‘
r.::\"ﬂ
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102.3.2 DERATING REQUIREMENTS

e&%& a. Steady-state conditions - When using these resistors under
‘ steady-state pover conditions, derate according to the maximum allowable
derating curve for power as shown in Figures 100.8A and 100.8B.

b. Pulse condition - This resistor is not suitable for pulsed

.\ circuits. NOTE: OPERATION OF THESE RESISTURS
;§§§g AT AMBIENT TEMPERATURES GREA-
: TER THAN 125°C CAN DAMAGE ME-
TAL PLATING, SHAFT LUBRICAT-

ION, INSULATION, ETC., OF THE
T RESISTORS.
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DERATING REQUIREMENTS FOR STYLE RP30
102.4 MIL-R-12934, RESISTORS, VARIABLE, WIREWOUND, PRECISION, (STYLE RR)

102,4.1 APPLICATION CONSIDERATIONS
102.4,1.1 Selection of a Safe Resistor Style

The wattage rating of these resistors is based on operations at
85°C, mounted on a 4 inch square, 0.25 inch thick alioy aluminum panel. This
mounting technique should be taken into consideration when a wattage is
dissipated during specific applications. When other types of mountings are
employed, the wattage ratings should be properly modified.

102.4.1.2 Bushings

- A Type S bushing shall be used whenever possible to assure longer
e,

102.4.2 DERATING REQUIREMENTS

a. Steady-state conditions - When using these resistors under
steady-state power conditions, derate according to the maximum allowable
derating curve for power as shown in Figure 100,9,

b, Pulse condition - This resistor is not suitable for pulsed
circuits,
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FIGURE 100,9

DERATING REQUIREMENTS FOR STYLES BR 0900, 1000, 1100, 1300, 1400, 2000,
2100, 3000, 3100, 3200, 3300, 3400, 3500, 3700, 3900, 4000, 4100

@ 102.5 MIL.-R-39002, RESISTORS, VARIABLE, WIREWOUND, SEMIPRECISION,
(STYLE RK)

i 102.5.1 APPLICATION CONSIDERATIONS
| 102, 5.1.1 Selection of a Safe Resistor Style

The wattage ratiing of these resistors is based on operation at
85°C, mounted on a 4 inch squave, 0.050 inch thick, steel panel. This
mounting technique should be tuken into consideration when wattage 1s applied
during specific applications. When using other types of mountings, the power
rating must be properly modif!ed,

SN 102,5,2 DERATING REQUIREMENTS {;

a. Steady-state conditions - When using these resistors under .
steady-state power conditions, derate according to the maximum allowable E
derating curve for power as shown in Figure 100,10,

$$§Q b. Pulse condition - This resistor is not suitable for pulsed ﬁf%'
I circults. e
L

' +

Y

¥ ¢

A +
D Wi
L

N

100-23 ”

9

h‘

el

P N A, P AT N AR T WY VTR AL TS - 1 "4" OO *~--~ "’ '4'«’_" AR TS Ty «.'1" T }."‘ '4 '\\*NL TS R T T - 3




g.; - s S e S ar B Y SRR AT T ATA N SRR YA R AR LR AN ] i AP LR ) VYR o a P i~ N i AV LIS SR e U S T S e T B A ]
& -
W
_ ' A v Y
L [ 2% ]
4 50 ‘- (8
: g sof :
; § i ﬁ : ]
; @ 30 MAXIMUM ALLOWABLE S
- DERATING CURVE !
g = g ' h
1 £ 20} ' v
i o : g
\ = T : R
! & 10F ! - '
, " H %
) 1 §
) T brd Led ol L TR WOUUNE R N | I [ ] I Ll —p '
! 0 10 20 30 40 50 60 70 8085 90 100 110
AMBIENT TEMPERATURE (°C) §
4 FIGURE 100,10 .
DERATING REQUIREMENTS FOR STYLE RKQ9 E
102,6 MIL-R-27208, RESISTORS, VARIABLE, WIREWOUND (ADJUSTMENT TYPE), i
(STYLE RT) o B
102.6.1  APPLICATION CONSIDERATIONS EVI.
102,6.1.1 Substitution N
Use MIL-R~-39015 style RTR resistors instead of MIL-R-27208 :
style RT, when applicable, i.
102,6.2 DERATING REQUIREMENTS N -
a. Steady-state conditions - When using these resistors under at -
steady-state power conditions, derate according to the maximum allowable -
derating curve for power as shown in Figure 100.11. 6*73 P  :
b. Pulse condition - This resistor is not suitable for pulsed WY
circuits. "
0
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PERCENT RATED POWER
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FIGURE 100,11
DERATING REQUIREMENTS FOR STYLE RT26
102.7 MIL-K=22097, RESISTORS, VARIABLE, NON:i:'"wOUND (ADJUSTMENT TYPE),
(STYLE RJ)
102.7.1 APPLICATION CONSIDERATIONS
102.7.1.1 Substitution

Use MIL-R-39035 style RJR resistors instead of MIL-R-22097 style
RJ, when applicable,

102.7.7.2 DERATING REQUIREMENTS

a. Steady-state conditions - When using these resistors under
steady-state conditions, derate according to the maximum allowable derating
curve for power as showr in Figure 100,12,

b. Pulsc conditien - This resistor is not suitable for pulsed
circuits.
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DERATING REQUIREMENTS FOR STYLES'RJ 12, 80
102.8 MIL-R-23285, RESISTORS, VARIABLE,-NONWIRENOUND. (STYLE RVC)
102.8.1 APPLICATION CONSIDERATIONS

~ These resistors are suitable for rheostat or potentiometer
applications, where high precision is not required. They are capable of
withstanding acceleration, shock, high frequency vibration, and 125°C
operating temperature at rated load, They are most useful in circuitry where
high resistance values and Tower power dissipation are encountered in
controiling volume, bias, tone voltage, and pulse-width.

102.8.1.1 Selection of Safe Resistors

The wattage ratings of these resistors are based on operation at
125°C, mounted on a 1i-gage steel plate, 4 inch square. This mounting
technique should be taken into consideration when the wattage is applied
during specific applications. When using other types of mountings, the power
ratings should be properly modified.

102.8,1.2 Linear and Nonlinear Tapers

As shown in Figure 100,13, Taper A is a linear resistance taper,
which is one having a constant change of resistance with angular rotation,
while Taper C is a nonlinear resistance taper, which has a variation or lack
of constancy in the change of resistance with angular rotation.
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Vl LINEAR AND NONLINEAR TAPERS FOR RVC RESISTORS

102,8.2 DERATING REQUIREMENTS

a. Steady-state conditions - When using these resistors under
steady-state power conditions, derate according to the maximum allowable
derating curve for power as shown in Figure 100,14,

b. Pulse condition - This resistor {s suitable for pulsed
circuits only 1f the voltage is limited to a value that will not cause the
dersted power dissipation to be exceeded.
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FIGURE 100,14
DERATING REQUIREMENTS FOR STYLE RVCO6

i02.9 MIL-R-38023, RESISTORS, VARIABLE, NONWIREWOUND, PRECISION,
(STYLE RQ)
102, 9.1 APPLICATION CONSIDERATIONS @

102.9.1.1 Qutput

The output of these resistors (in terms of percent of applied
voItage) is 11near with respect to the angular position of the operating shaft,

102,9.1.2 Temperature Characteristics

An average resistance change of + 10 percent due to temperature
cycling 1s common.

102.9.1.3 Selection of Safe Resistors

(i
The wattage rating of these resistors is based on operation at )
70°C, mounted on a 4 inch square, 0.25 inch thick alloy aluminum panel. This
mounting technique should be taken into consideration when a wattage is
dissfpated during specific applications. When using other types of mountings,
the wattage ratings should be properly modified. N?H§
3RS
N
RN
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102.9.2 DERATING REQUIREMENTS

a. Steady-state conditions - When using these resistors under

‘steady-state power conditions, derate according to the maximum alliowable

derating curve for power as shown in Figure 100,15,

b. Pulse condition - This resistor is not suitable for pulsed

~ circuits,
4
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DERATING REQUIREMENTS FOR STYLES RQ 100, 110, 150, 160, 200,
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103 RESISTORS, FIXED, ESTABLISHED RELIABILITY

103.1 MIL-R-39008, RESISTORS, FIXED, COMPOSITION (INSULATED),
ESTABLISHED RELIABILITY, (STYLE RCR)

103.1.1 APPLICATION CONSIDERATIONS

103.1.1.1 Voltaage Coefficient

For resistance greater than 1,000 ohms, resistance values can
change with the application of voltage, as follows:

RCR 05 0.05 percent/volt
RCR 07, RCR 20 0.035 percent/volt
RCR 32, RCR 42 0.02 percent/volt

The voltage coefficient for resistors below 1,000 ohms is not
controlled by specifications and these resistors should not be used in
circuits which are sensitive to this parameter.

100-29
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103.1.2 DERATING REQUIREMENTS

a. Steady-state conditions - When using these resistors under )
steady-state power conditions, derate according to the maximum allowable g{:f»
derating curve for power as shown in Figure 100.16. XA oy

b. Pulse conditions - When using these resistors under pulsed
conditions, the following three conditions shall be met.

(1) The average power shall be less than or equal to the @9
maximum allowable derating curve for power as shown 1in
Figure 100.16.

(2) The peak voltage shall not exceed 70 percent of the
dielectric breakdown voltage or the maximum shori-time
overload voltage, whichever is less as specified by the
appropriate resistor military specification (MiL-R-39008).

(3) Care shall be taken to insure that the instantaneous peak
resistor body temperature does not exceed 115°C,

4
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§ L i ¥
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bri 20 DERATING CURVE
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AMBIENT TEMPERATURE (°C) =
FIGURE 100.16 N
DERATING REQUIREMENTS FOR STYLES RCR 05, 07, 20, 32, 42
103.1.3 QUALITY LEVEL s

Only ER level "P" or higher shall be used.




103.2 MIL-R-55182, RESISTORS, FIXED, FILM, ESTABLISHED RELIABILITY,
(STYLE RNR)

"--;@ 103,2.1  APPLICATION CONSIDERATIONS

103.2,1.1  High Frequency Applications

|- When used 'in high frequency circuits {400 MHz and above), the
uyéggb effective resistance will decrease as a result of shunt cagacity (both
' end-to-end and distributed capacitance to mounting surface). High frequency
characteristics of metal film resistors are not controlled by specification
and are subject to change without notice.

o 108.2,0.2  Noise
' | Noise output is controlled by the specification. In applications
where noise 1s an important factor, fixed film resistors are superior to

composition types. Where noise test screening is indicated, 1t s recommended
that the noise test procedure of MIL-STD-202 be used.

103.2.2 DERATING REQUIREMENTS

a. Steady-state conditions - When using these resistors under
steady-state power conditiuns, derate according to the maximum allowable
derating curve for power as shown in Figure 100,17,

b. Pulse conditions - When using these resistors under pulsed
; ‘!i) conditions, the following three conditions shall be met.

(1) The average power shall be less than or equal to the
maximum allowable derating curve for power as shown in
Figure 100,17,

(2) The peak voltage shall not exceed 70 percent of the
- dielectric breakdown voltage or the maximum short-time
overload voltage, whichever is less as specified by the
appropriate resistor military specification (MIL-R-55182).

(3) Care shall be taken to insure that the instantaneous peak
resistor body temperature does not exceed 160°C,
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tolerances (+ 1 percent to + 0.01 percent), long 1ife, and a high degree of
temperature stability 1s required.
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FIGURE 100,17
DERATING REQUIREMENTS FOR STYLES RNR 50, 55, 60, 65, 70, 75 AND RN090
103.2.3 QUALITY LEVEL , @
ﬁ Only ER level "P" or higher shall be used. | '
X 103.3 MIL~R=-39005, RESISTORS, FIXED, WIREWOUND (ACCURATE), ESTABLISHED
" RELIABILITY, (STYLE RBR)
g 103.3.1 APPLICATION CONSIDERATIONS
g These resistors are intended for use where extremely close
i

3 103.3.2 DERATING REQUIREMENTS .
i (g
@ a. Steady-state conditions - When using these resistors under S
by steady-state power conditions, derate according to the maximum allowable

‘ﬁ derating curve for power as shown in Figure 100.18.

, b. Pulse conditions - When using these resistors under pulsed o
% conditions, the following three conditions shall be met. e

(1) The average power shail be less than or equal to the
maximum allowable derating curve for power as shown in
Figure 100.18,
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(2) The peak voltage shall not exceed 70 percent of the g.
dielectric breakdown voltaga or the maximum short-time -

o

: "’éa?& . overload voltage, whichever is less as specified by the !
W ‘appropriate resistor military specifiction (MIL-R-39005), o
P (3) Care shall be taken to insure that the instantaneous peak .f

resistor body temperature does not exceed 135°C. ...
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FIGURE 100.18
DERATING REQUIREMENTS FOR STYLES RBR 52, 53, 54, 55, 56, 57, 71, 75

103.3.3 QUALITY LEVEL

Only ER level "P" or higher shall be used.

103.4 MIL-R-39007, RESISTORS, FIXED, WIREWOUND (POWER TYPE),
ESTABLISHED RELIABILITY, (STYLE RWR)

103.4.1 APPLICATION CONSIDERATIONS

S e

A
s
£

These resistors are recommended for use where greater power
handling capacity is required. The RWR resistors are available in very close
: tolerance (to + 0.1 percent) and have tightly controlled temperature
: coefficients (¥ 20 ppm/°C for values of 109 or greater)., Regardless of
4 purchase tolerance, the design should tolerate a + 1 percent shift in
resistance value to assure long 1ife relfability Tn military applications.

103.4.2 DERATING REQUIREMENTS

W E m .

- - o =
o
sl

. gi}}\ a. Steady-state conditions - When using these resistors under
- steady-state power conditions, derate according to the maximum allowable '
i derating curve for power as shown in Figure 100.19. by
! \
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‘ b. Pulse conditions - When using these resistors under pulsed L

ﬂ conditions, the following three conditions shall be met. :
! '; , : (1) The average power shall be less than or equal to the _ 3

B ' maximum allowable derating curve for power as shown in o)

Figure 100,19,

; (2) The peak voltage shall not exceed 70 percent of the

y dietectric breakdown voltage or the maximum short-time
o overload voltage, whichever 1s less as specified by the g%@r
appropriate resistor military specification (MIL-R-39007), g8

e T e
~

= : (3) Care shall be taken to insure that the instantaneous peak
resistor body temperature shall not exceed 225°C.

, !
‘ \
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R
i FIGURE 100,19 g
N DERATING REQUIREMENTS FOR STYLES RWR 78, 80, 81, 82, 84, 89 %
[ N
i 103.4.3 QUALITY LEVEL X N
! XY '
: Only ER level "P" or higher shall be used.
|.
5 103.5 MIL-R-39017, RESISTORS, FIXED, FILM (INSULATED), ESTABLISHED :
RELIABILITY, (STYLE RLR) _
' oK ;
103.5.1 APPLICATION CONSIDERATIONS inff i
| - ,
! 103.5.1.1 Resistance Tolerance §
These resistors are recommended for use where very close o
h tolerances are not required, and where the composition type resistors do not t@&b )
\ provide the needed accuracy or stability. Regardless of the purchase s Y
| 100-34
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tolerance (i.e., + 1 percent or + 2 percent), the design should tolerate an N
additional + 5 percent shift in resistance value to assure long life :
reliability in military applications. o3

103.5.1.2 Operating Frequency

‘These resistors perform well in high frequency applications (up : 5:
o to about 100 MHz), The frequency characeristics are as shown in Figure 100.20. "
: % 103,56.1.3  Noise ~ I 2 -
The noise generated by these resistors is small. | -
150 — ii.
Ao de uJ i \
b ‘ 100 N
§1oo ~\\\\‘ .m..
S ) \IN e
':é‘ 50 - — Y
g | 10k @
RLR 07,20 - ;;‘
5 50 765 750 o
<o FREQUENCY IN MHz PER SECOND ‘,gu
‘3 | FIGURE 100.20
RESPONSE CURVE §
[
v,
103.5.2 DERATING REQUIREMENTS W

T

a. Steady-state conditions - When using these resistors under
steady-state power conditions, derate according to the maximum allowable

ox.

derating curve for power as shown in Figure 100.21. ﬁl

0]

b. Pulse conditions - When using these resistors under pulsed -

o conditions, the following three conditions shall be met. s
h\:.“ u.‘n N ~.f‘, -

pli (1) The average power shall be less than or equal to the kg

maximum allowable derating curve for power as shown in p“

Figure 100.21, o

ol (2) The peak voltage shall not exceed 70 percent of the :
Q‘Eﬁ dielectric breakdown voltage or the maximum short-time RV

overload voltage, whichever is less as specified by the
appropriate resistor military specification (MIL-R-39017).

(3) Care shall be taken to insure that the instantaneous peak %

. resistor body temperature shall not exceed 130°C. '
f % \\".
]

3

- b
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% DERATING REQUIREMENTS FOR STYLES RLR 05, 07, 20, 32

) . ) .

. ,
i 103,5.3 QUALITY LEVEL @ |
" Only ER level "P" or higher shall be used. ;
Iy 103.6 MIL-R-39009, RESISTORS, FIXED, WIREWOUND (POWER TYPE, CHASSIS t
y MOUNTED), ESTABLISHED RELIABILITY, (STYLE RER) ,
L\ .

‘ 103.6.1 APPLICATION CONSIDERATIONS
’% 103.6,1.1  Resistance Tolerance
g
'T’ Only one tolerance ran?e (+ 1 percent) is available. The
temperature stability is very good (+ 30 ppm/°C for values of 209 or
. higher). The design should tolerate a + 1.5 percent shift in resistance value
" to assure long 1ife reliability in military applications. R}{{.‘;}

.o 'w._‘l’:'
R 103.6.2  DERATING REQUIREMENTS i
he Y
N a. Steady-state conditions ~ When using these resistors under
e steady-state power conditions, derate according to the maximum allowable
M derating curve for power as shown in Figure 100.22, k*.z;.;

' ¢“‘J¢J'
2 b. Pulse conditions - When using these resistors under pulsed
N conditions, the following three conditions shall be met.

all.

W
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(1) The average power shall be less than or equal to the
maximum allowable derating curve for power as shown in
Figure 100,22,

(2) The peak voltage shall not exceed 70 percent of the
dielectric breakdown voltage or the maximum short-time
overload voltage, whichever is less as specified by the
appropriate resistor military specification (MIL-R-39009).

'@ﬁﬁ’ (3) Care shall be taken to ensure that the instantaneous peak
» resistor body temperature shall not exceed 210°C.
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FIGURE 100,22

DERATING REQUIREMENTS FOR STYLES RER 40, 45, 50, 55, 60, 65, 70, 75

o
o
~no

106.3.3 QUALITY LEVEL
B Only ER level "P" or higher shall be used.
e 103.7 MIL-R-56342, RESISTORS, FIXED, FILM, CHIP, ESTABLISHED
RELIABILITY, (STYLE RM)
103.7.1 APPLICATION CONSIDERATIONS
@%ﬁ? 103,711 Use

These chip resistors are intended to be used in thin or thick
fiIm hybrid circuitry where micro circuitry is indicated.

B
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-: 103.7.1.2  Mounting

|

L

These resistors may be mounted individually on a substrate, 3

) usually 95 percent alumina, and connected to conductor areas by means of O

’ solder pre-forms, conductive cement, or wire bonding. They car also be Qﬁﬁﬁ h
directly connected to other components on the same substrate by means of wire

bonding, using the substrate as a base or carrier for the resistor. b
103.7.1.3 Stacking of Resistors ;
[ e :‘
) Stacking of resistors shall be avoided, since experience has €§§§ v

shown that failure can occur due to electrolytic action in the bonding
! adhesive. When stacking the resistors, care shall be taken to compensate for
the lower heat dissipation capabilities by properly derating the wattage .
rating. Stacking cof resistors requires procuring activity approval, E
[
LN

103.7.1.4  Electrostatic Damage Sensitivity

P

b Most types of film devices are found to be affected by o
! electrostatic discharge (ESD). ]
g 103.7.2  DERATING REQUIREMENTS 4

a. Steady-state conditions « When using these resistors under
steady-state power conditions, derate according to the maximum allowable
derating ‘curve for power as shown in Figure 100.23.

5

' b. Pulse conditions - When using these resistors under pulsed [f
conditions, the following three conditions shall be met.

(1) The average power shall be less than or equal to the Q
maximum allowable derating curve for power as shown in 3
Figure 100,23,

N
(2) The peak voltage shall not exceed 70 percent of the §~
dielectric breakdown voltage or the maximum short-time )

: overload voltage, whichever is less as specified by the
y appropriate resistor military specification (MIL-R-55342),

- %

N W Y

f (3) Care shall be taken to ensure that the fnstantaneous peak
: resistor body temperature does not exceed 110°C. .3

“
WL h
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DERATING REQUIREMENTS FOR STYLES RMO 502, 505, /05 AND RM 1005, 1505, 2208
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103.7.3 QUALITY LEVEL

Only ER level “P" or higher shall be used.

104 RESISTORS, VARIABLE, ESTABLISHED RELIABILITY

104.1 MIL-R-39015, RESISTORS, VARIABLE, WIREWOUND (LEAD SCREW
ACTUATED), ESTACLISHED RELIABILITY, (STYLE RTR)

104.1.1 APPLICATION CONSIDERATIONS

104.1.1.1 Selection of a Safe Resistor Style

The wattage ratings of these resistors are based on operation at
85°C when mounted on a 1/16 inch thick, glass base, epoxy luminate.
Therefore, the heat sink effect as provided by steel test plates in other
specifications is not present. The wattage rating is applicable when the
entire resistance elemen: is engaged in the circuit. When only a portion is
engaged, the wattage is reduced dir2ctly in the same proportion as the
resistance.

104,1.1.2  Bushing

Type S bushings shall be used whenever nossible to assure longer
life.
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104.1.1.3 Mounting gz

]

Resistors with terminal Type L should not be mounted by their '"ﬁw ]

flexible wire leads. Mounting hardware should be used. Printed-circuit types Qﬂﬁﬁ &
are frequently terminal mounted, although brackets may be necessary for a

high-shock and vibration environment. 8

- 104,1.1.4  Environmental Conditions B

Special care should be taken when using these resistors in highly Y

humid conditions, since high humidity can cause turn-to-turn shorts. It is
better to avoid the use of these resistors in high humidity environments.

104.1,2 DERATING REQUIREMENTS

@ B

a. Steady-state conditions - When using these resistors under
steady-state power conditions, derate according to the maximum allowable
derating curve for power as shown in Figure 100,24,

b. Pulse condition - This resistor is not suitable for pulsed

f circuits.
’ CAUTION: REDUCE THE MAXIMUM ALLOWABLE
s DERATING CURVE IF THE ENTIRE - %
ELEMENT IS NOT USED., SEE R
| PARAGRAPH 104,1,1.1, 3
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104.1.3 QUALITY LEVEL

_&;g Only ER level "P" or higher shall be used.
- 104.2 MIL~-R-39035, RESISTORS, VARIABLE, NONWIREWOUND (LEAD-SCREW
ACTUATED), ESTABLISHED RELIABILITY, (STYLE RJR)
104.2.1 APPLICATION CONSIDERATIONS

@ w0s200 Torerame

These resistors have a resistance tolerance of + 10 percent.
Regardless of the purchase tolerance, the design should be able to tolerate a
+ 10 percent shift in resistance value to assure long 1ife reliability in

@ military applications.
104.2.1.2 Resolution

The resolution of style RJR resistors is very high (essentially
infinite).

104,2.1.3 Noi se

The noise level is not controlled by the resistor specification
but it 1s normmally relatively Tow.

= PP P

R
)
r\
N

104.2,1.4 Selection of Safe Resistors

@ The wattage ratings of these resistors are based on operation at

s 85°C when mounted on a 1/16 inch thick, glass base, epoxy laminate.
Therefore, the heat sink effect as provided by steel test plates in other
specifications 1s not present, The wattage rating is applicable when the
entire resistance element is engaged in the circuit. When only a portion is
engaged, the wattage 1s reduced directly in the same proportion as the
resistance.

104.2,1.5 Bushing

2
] ?:—': ;" .

A type S bushing shall be used whenever possibie for longer 1ife.

S *

104.2.1.6 Secondary Insulation

(»ﬁti Where voltages higher than 250 volts rms are present between the ﬁ;
o resistor circuit and grounded surface on which the resistor is mounted, or P -
where the dc resistance is so high that the insulation resistance to the N
ground is an important factor, secondary insulation to withstand the e
conditions should be provided between the resistor and the mounting or between
,;$,‘ tne mounting and ground.
Y

104,2.1.7 Resistor Mounting

Resistors with terminal Type L should not be mounted by their
flexible wire leads. Mounting hardware should be used. Printed-circuit types
-{-. are frequently terminal mounted, &1though brackets may be necessary for a
'yﬁ' high-shock and vibration environment.
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104.2.1.8.

Variation

The contact resistance variation should not exceed 3 percent or

20 ohms for characteristic C, and 3 percent or 3 ohms for characteristics F
and H, whichever is greater.

]04.2.2

DERATING REQUIREMENTS

a. Steady~-state conditions - When using these resistors under

steady-state power conditions, derate according to the maximum allowable
derating curve for power as shown in Figure 100.25.

circuits.

55

b. Pulse condition -~ This resistor is not suitable for pulsed

CAUTION: REDUCE THE MAXIMUM ALLOWABLE
DERATING CURVE IF THE ENTIRE
ELEMENT IS NOT USED. SEE
PARAGRAPH 104.2,1.4.
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105.1

10 20 30 40 50 60 10
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FIGURE 100, 25
DERATING REQUIREMENTS: FOR STYLES RJR 12, 24, 26, 28, 32, 50

QUALITY LEVEL

Only ER Tevel "P" or higher shall be used.

SPECIAL

MIL-R-83401, RESISTOR NETWORKS, FIXED, FILM, (STYLE RZ)

100-42
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105.1.1 APPLICATION CONSIDERATIONS

»ﬁﬁ” The RZ style resistors are in a resf{stor network configuration
having a film resistance element and in a DIP or flat pack configuration,
These resistors are stable with respect to time, temperature and humidity and
are capable of full load operation at an ambient temperature up to 70°C after

which they are derated to zero power at 125°C.

106.1.1.1  Use

These resistors are designed for use in critical circuitry where
stability. Tong 1ife, reliable operation and accuracy are of prime
importance. They are particularly desirable for use where miniaturization is
important. They are also useful where a number of resistors of the same
resistance values are required in the circuit.

105.1.1.2  Operating Frequency

When used in high frequency circuits (200 MHz and above), the
effective resistance will be reduced as a result of shunt capacity between

resistance elements and connecting circuits. The high frequency
characteristics of these networks are not controlled by specification. .

106.1.1.3 Noise

The noise output is not contro1led by specification, but it is
typically very low for these resistors.

@ 105.1.1.4 Resistance Tolerance

Operation of these resistor networks under military ambient
conditions could cause permanent or temporary changes in resistance sufficient
to exceed their initial tolerances. In particular, operation at extremely
high or low ambient temperatures cause significant temporary changes in
resistance. Care should be taken to assure that the circuit design will

tolerate these changes.

1056,1.1.5 Mounting

Under severe shock or vibration conditions (or a combination of
. both), the resistor network should be restrained from movement with respect to
@Q@b the mounting base. If clamps are used, certain electrical characteristics can
Y& pe altered. The heat dissipating qualities will be enhanced or retarded
depending on whether the c¢lamping material is a good or poor conductor of
heat. This phenomenon should be given due consideration.

. 105,.1.1.6 Electrostatic Suscentibility

Most film resistors are found to be susceptible to electrostatic
damage,

105.1.2 DERATING REQUIREMENTS

{'g& a. Steady-state conditions - When using these resistors under
‘ steady~state power conditions, derate according to the maximum allowable
derating curve for power as shown in Figure 100,26,

..............



N b. Pulse conditions - When using these resistors under pulsed
A conditions, the following three conditions shall be met.

(1) The average power shall be less than or equal to the
o maximum allowable derating curve for power as shown in
Figure 100,26.

d (2) The peak voltage shall not exceed 70 percent of the
,@ : "dielectric breakdown voltage or the maximum short-time
% , overload voltage, whichever is less as specified by the B
\ appropriate resistor military specification (MIL-R-83401). QES@
o (3) Care shall be taken to ensure that the instantaneous peak
Q resistor body temperature does not exceed 110°C.
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200 CAPACITORS, GENERAL
200.1 GENERAL INFORMATION

Standard capacitors are specified in MIL-STD-198. This standard
presents detailed data for use in the design of military equipment, Data is
presented on terminology, capacitor selection, environmental effects on
characteristics and 1ife, applications, application data, failure rates and
aging curves. In addition, detailed design data are presented for each
capacitor type.

Capacitors can be broadly categorized into the following types
according to the dielectric material used:

a. Ceramic dielectric

b. Glass dielectric

c. Aluminum dielectric

d. Solid tantalum dielectric

2. Non-solid tantalum dielectric

f. Mica dielectric

g. Paper, paper=-piastic or plastic dielectric
h. Film; paper-plastic or plastic dielectric

200, 2 . APPLICATION CONSIDERATIONS
200,2.1 DIELECTRIC VERSUS VOLUME

In electrolytic capacitors, the dielectric is an almost
negligible part of the volume of the capacitor. In other capacitors, such as
mica, plastic, ceramic, and glass dielectrics, the dielectric comprises nearly
the entire volume of the capacitor element. Theoretically, then, for all
capacitors except electrolytic, where almost the entire volume of the anit (v)
is an actjve dielectric, the volume (v) is directly proportional to CV
(where C 1s the capacftance and V is the maximum voltage rating). The
proportionality constant depends on the dielectric constant of the material,
its dielectric strength, and the 1ife expected of the capacitors. For the
electrolytic tyges, the volume has been found empirically to vary more nearly
with CV than CVe,

200,2.2 COMMERCIAL CAPACITORS

Conclusions can be made concerning the reliability expected from
commercial capacitors by comparing them with similar miiitary capacitors of
the same dielectric and capacitance. The commercial unit is & short-life,
less reliable part. Therefore, only military capacitors with an ER quality
level "P" or higher shall be used without approval of the procuring activity.

200.2.3 VOLTAGE RATING AND LIFE

Since the catastrophic failure of capacitors is usually caused by
dielectric failure, voltage ratings of non-electrolytic capacitors are based
on a given 1ife expectancy at a maximum ambient temperature and voltage
stress. Dielectric failure is typically a chemical effect, and for
well-sealed units, where atmospheric contamination of the dielectric does not
contribute, 1s a function of time, temperature, and voltage. The
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time-temperature relationship affects the chemical activity or rate of
degradation; that is, degradation proceeds at a doubled rate for each 10°C
rise in temperature (e.g., a capacitor operating at 100°C will have half the
1ife of a similar one operating at 90°C). Extensive studies have been made of
certain organic d§e1ectrics where it has been found that the deterioration is
proportional to V2 (fifth power of the voltage). For example, a capacitor
operating at 20 Volts will last 32 times as long as a similar one operating at
40 Volts. The 10°C rule, of course, is applicable only over a temperature
range where no significant changes of state occur to affect the dielectric.
That is, no freezing, melting, boiling, condensing, loss or gain of water,
crystallization or other change in stable crystal structure. The VS rule is
also subject to modification by consideration that the dielectric will
puncture suddenly if some particular voltage stress is exceeded, and that
there are other electric fields (notably around the edges of the dielectric
extending beyond the conducting plates) where breakdown can occur without
failure of the principal dielectric.

200,2.4 RELIABILITY

Figure 200.1 represents a comparison of the predicted part
operating failure rates for established reliability (ER) capacitors. The part
operating failure rates shown are developed from the part operating failure
rate models from MIL-HDBK~-217D. The part operating failure rates are
representative of a given military environmental condition and stress level
and are not necessarily in the same proportion for other environments or
operating conditions.

200,2,5 OPERATING FREQUENCY

A1l capacitors have some operating frequency limitations due to
the nature of the dielectric and other construction features. Figure 200.2
shows the operating frequency ranges for common types of capacitors except
electrolytic., The frequency range for electrolytics is not readily described
in this manner, because the effective capacitance of these type parts involves
a complex relationship of voltage rating, case size, nominal capacitance
value, and operating frequency.

200,2.6 CAPACITOR SELECTION FACTORS

Factors to be considered in capacitor selection are:

o Temperature

o Humidity

0 Barometric pressure

o Applied voltage
oo Alternating/ripple current
00 Frequency
oo Dissipation factor
oo Equivalent series resistance
0o Reverse voltage levels

P .
s,
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ii 200.3 CAPACITOR PART TYPES
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General information and derating requirements on capacitors are
1isted herein,

201 CAPACITORS, CERAMIC DIELECTRIC AT
201.1 APPLICATION CONSIDERATIONS
201.1.1 TEMPERATURE_COMPENSATION APPLICATION

These capacitors are primarily used for compensation of reactive %%
o changes caused by temperature variations in other circuit parts and in -
X precision type circuits where their characteristics are suitable. Ceramic

X capacitors are substantially smaller than paper or mica units of the same

: capacitance and voltage rating. They have tighter capacitance tolerances than

, mica or paper capacitors and their lead construction 1s highly suitable for v
N printed-circuit use. Ot

.
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These units can be used to compensate frequency drift in radio

. frequency, osciilator, and intermediate frequency (IF) circuits caused by

: d&%p temperature variations. In IF stages where the frequency variation is
uniform, satisfactory operation can be obtained by designing the temperature-

compensating capacjtor into the oscillator circuit., RF circuit reactive
, changes caused hy temperature variations cannot be conpensated for in the
o oscillator circuit; in these cases where most critical tuning accuracy is
N required, i1t 1s necessary that compensating capacitors be inserted directly
Sty into each circuit.

& In RF circuits tuned by a variable capacitor, a shunt
compensating capacitor of Tow value and high compensatirq characteristics can
be used. In slug-tuned circuits, the total capacitance required can be
provided by using a compensating capacitor having the desired temperature
coefficient. In oscillator circuits, more linear tuning can be obtained by
selecting caﬁacitors with the proper temperature coefficients in both the
series and the shunt capacitances of the tank circuit.

201.1.2 INSULATION RESISTANCE

t
| The high insulation resistance of these capacitors is well suited
. to coupling ap?11cations between plate and grid circuits of electron tubes.
I Extremely Tow leakage and small physical size make them suitable for
; transistor circuit design. They are also used in filter and by-pass circuits.
!
i
!
1}

201.1.3 TEMPERATURE COMPENSATION OF COILS

. The temperature-time curve of the selected capacitor should be
‘.!) the exact opposite of the temperature-time curve of the coil or other part
being compensated. Combinations of different capacitance values and
temperature coefficients can give more precise compensation than can be
! obtained from a single capacitor., Full consideration should be given to the
i physical placement of compensating capacitors. Locations near hot operating
parts could affect the designed-in circuit temperature compensation.

201.1.4 CAPACITANCE TO SIZE RATIO

These capacitors have the largest capacitance to size ratios of
ail high resistance dielectric capacitors.

; . 201.1.5 CAPACITANCE VARIATION
W
! *GP Capacitance changes with variation in voltage, frequency, age and
| , temperature should be determined from the detafled specifications.
; 201.1.6 HUMID OPERATING CONDITIONS
. c;kﬁ Ceramic materials are non-hygroscopic, effectively impermeable
‘fﬁ& and have practically no moisture absorption even after considerable exposure
to highly humid conditions. These capacitors are intended to operate, through
their full temperature range, at relative humidities up to 95 percent.
However, the terminal materials under high moisture conditions can be subject
" to fonic migration which can cause capacitor failure,
NS
\ L
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A 201.1.7 AC OPERATION

3 When ac operation is required, the peak ac “2ltage plus any dc

2 bias shall not exceed the uerated values established by the derating N,
‘ requirements. RO
B 201.1.8  MOUNTING

These capacitors are used to compensate circuit performance for
temperature variations. Therefore, they should be mounted in close proximity i)
! to the part (or parts) they are intended to compensate, and isolated from g
parts that dissipate local heat. Otherwise thermal gradients will defeat the

\ designed-in compensation capability.

I .
§ 201.1.9 FREQUENCY CONS IDERAT JONS )

‘ pt [ :. :‘d:‘\\b
~ Since the ceramic dielectric used is frequency sensitive, both GES}

capacitance and capacitance change with temperature will be different at
different measuring frequencies. For extremely accurate compensation, the
compensation characteristics should be measured at the proposed operating
frequency.

201.1.10 DERATING FACTORS

x & &8 LW

* 2P

Due to the low capacitive reactance, at high frequencies and with
high capacitances, the continuous duty current will usually be reached at a
voltage below the maximum rated voltage, Similarly, due to the high
capacitive reactance at low frequencies and with lTow capacitances, the maximum
voltage will often be reached before the rated current., Necessary care shall o
be taken to ensure that neither the current nor the voltage exceed the derated ‘.'!
value established by the derating requirements specified for each capacitor .

type.

201.2 MIL-C~20, CAPACITORS, FIXED, CERAMIC DIELECTRIC (TEMPERATURE
COMPENSATING), ESTABLISHED RELIABILITY, (STYLE CCR)

201.2.1 APPLICATION CONSIDERATIONS

201.2.1.1 Capacitance Tolerance

These capacitors come in tolerances of +0.1 pf, +.25 pf, +.5 pf,
+1 percent, +2 percent, +5 percent, and +10 percent. However, regardless of
The purchase tolerance, the design should tolerate a +1 percent absolute SR
change in capacitance value to assure long 1ife reliability in military A
applications, The temperature characteristics, however, are expected to
remain virtually unchanged throughout the 1ife of the capacitor.

201.2.1.2 Dielectric Strength

Where the capacitor body will normally contact parts with a tﬁ&?
potential difference of more than 750 volts, supplementary insulation shall be
used.

)

)
'
b
4
)
&
.1'
)




& &

“a,
X,

oy

%~

2nt.2.1.3 Temperature Coefficient

These capacitors exhibit zero and negative temperature
coefficients which can be used for temperature compensation.

201.2.1.4 Operating Frequency

These capacitors are suitable for operating frequencies ranging
from 1 kHz to 300 MHz.

201,2.2 DERATING REQUIREMENTS FOR STYLES CCR 05, 06, 07, 08, 75, 76, 77,
78

The voltage shall be derated according to the derating curve
shown in Figure 200.3. The ambient temperature shall be limited to the
derated maximum value as shown in Figure 200, 3.
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FIGURE 200.3
DERATING REQUIREMENTS FOR STYLES CCR 05, 06, 07, 08, 75, 76, 77, 78

201,2,3 QUALITY LEVEL
Only ER level "P" or higher shall be used.

201.3 MIL-C-11015, CAPACITORS, FIXED, CERAMIC DIELECTRIC (GENERAL
PURPOSE), (STYLE CK)

AND . .-I;.
.
MIL-C-39014, CAPACITORS, FIXED, CERAMIC (GENERAL PURPOSE), 5%
ESTABLISHED RELIABILITY, (STYLE CKR) r?:
r’oiﬂ‘
L]
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201.3.1 APPLICATION CONSIDERATIONS

These capacitors are primarily designed for use where a small
physical size with comparatively large electrical capacitance and high
insulation resistance are required. Because of the cumulative effects of
temperature, applied voltage, and aging, these capacitors are recommended for
use only where broad variations in capacitance value can be tolerated. The
dielectric constant usually decreases with increases in age, frequency, and
temperature.

201, 3.1.1 Humid Operating Conditions

Ceramic dielectric materials are nonhygroscopic, effectively
impermeable, and have practically no moisture absorption even after
considerable exposure to humid conditions. Thus, these units are intended to
operate, through their full temperature range, at relative humidities up to
95 percent. -

201.3.1,2 Soldering

Care should be used in soldering the leads. Excessive heat may
damage the encapsulation and weaken the electrode to terminal lead contact.
Sudden changes in temperature, such as those experienced in soldering, can
crack the encapsulation or the ceramic dielectric. Leads should not be bent
close to the case nor should any strain be imposed on the capacitor body to
avoid fracturing the encapsulation or ceramic dielectric.

201,.3.1.3 Capacitance Tolerance

These capacitors are available with initial tolerances of
+10 percent or +20 percent. However, regardless of the purchase tolerance,
‘the design should tolerate a +20 percent change in capacitance value to assure
Tong 1ife reliability in miViTary applications. .

201.3.1.4 Operatiny Frequency

These capacitors are suitable for use as by-pass, filter, and
non-critical coupling elements in high frequency c¢ircuits, with the typical
operating frequency ranging from 1 kHz to 300 MHz,

201.3.2 DERATING REQUIREMENTS FOR STYLES CK 60, 62-70, 80

The voltage shall be derated according to the derating curve
shown in Figure 200.4.  The ambient temperature shall be 1imited to the
derated maximum value as shown in Figure 200.4. These derating requirements
onlxcapply to those capacitors having a rated temperature range of -55°C ¢o
1-

*
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' WITH A RATED TEMPERATURE TO 85°C

g !') 201.3,3 DERATING REQUIREMENTS FOR STYLES CK 60, 62 AND CKR 05, 06, 11,
12, 14, 15

The voltage shall be derated according to the derating curve
shown in Figure 200.5., The ambient temperature shall be limited to the
derated maximum value as shown in Figure 200.5. These derating requirements
onlzy apply to those capacitors having a rated temperature range of -55°C to
+125°C.
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WITH A RATED TEMPERATURE TO 125°C

' 201.3.4 DERATING REQUIREMENTS FOR STYLE CK63 %
Ly
» The voltage shall be derated according to the derating curve :
! shown in Figure 200,6. The ambient temperature shall be limited to the h
5 derated maximum value as shown in Figure 200.6. These derating requirements
‘ o;\},{) gpp’ly to those capacitors having a rated temperature range of -55°C to

+150°C.
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DERATING REQUIREMENTS FOR STYLE CK63
WITH A RATED TEMPERATURE TO 150°C

201.3.5 QUALITY LEVEL

Only ER level “P" or higher shall be used.
201.4 MIL-C-81, CAPACITORS, VARIABLE, CERAMIC DIELECTRIC, (STYLE CV)
201.4.1 APPLICATION CONSIDERATIONS

These capacitors are small-sized trimmer capacitors. They can be
used for fine tuning, trimming, and coupling in such circuits as inteimediate
frequency, radio frequency, oscillator, phase shifter, and discriminator
stages.

201,4.1.1 Temperature-Capacitance Characteristics

Changes in nominal capacitance from the values measured at +25°C
may vary from -4.5 percent to +14 percent at -55°C or -10 percent to
+2 percent at +85°C when measurements are made: (1) after the capacitors have
ﬁyqs reached thermal stability; (2) at a frequency range of 0.1 to 0.2 MHz and with
the capacitor charged from 80 to 90 percent of maximum capacity.

201.4.1.2 Drift With Age

The capacitance drift over time is within Q.5 pf,
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. § 201.4.1.3 Mounting

These capacitors may be mounted close to a metal panel with

3 1ittle increase in capacitance. To avoid cracking or chipping of the ceramic é%ﬁ?
' mou2t1ng base, a resilient mounting (or mounting surface spacer) should be &
use
'2 201.4.1.4 Stability
' % Even though these capacitors are relatively stable against shock g%g;
* and vibration, air trimmers, due to their low mass, should be used where
higher order or stability is required.
R 201.4.1.5 Temperature Sensitivity
BN PO
o These capacitors should not be designed into circuits as Qkaﬁ
’ temperature compansating units since the temperature sensitivity is non-linear gt
- over the capacitance range and varies greatly between units,
l& 201.4,2 DERATING REQUIREMENTS FOR STYLES CV 131, 21, 31
t
g The voltage shall be derated according to the derating curve
‘ shown in Figure 200.7. The ambient temperature shall be limited to the
- derated maximum value as shown in Figure 200,7.
3
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DERATING REQUIREMENTS FOR STYLES CV 11, 21, A eur
202 CAPACITORS, GAS OR VACUUM DIELECTRIC
202.1 MIL-C-23183, CAPACITORS, VARIABLE, GAS OR VACCUM DIELECTRIC, T,
CERAMIC ENVELOPE, (STYLE CG) RN
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202,11 APPLICATION CONSIDERATIONS

FEEE

&

g0 202.1.1.1 Voltage Rating

L)
ey nYy)
' \"l"q
1

=5y

The voltage rating is the 60 Hz test voltage, at maximum

capacity. This is the absolute maximum voltage the unit can withstand before {f
breakdown occurs. The breakdown voltage is greater at capacities less than R
; maximum, becoming as much as 300 percent greater at minimum capacity for lower g
S voltage units. The breakdown voltage at radio frequencies is the same as for e
o @ggb low frequencies up to about 2.5 MHz, and becomes about 10 percent lower at 30 N
N MHz. The continuous duty operating voltage is lower for higher frequencies. o
g The continuous RF rating of a vacuum capacitor is arbitrarily defined as that ho
: voltage and current that will raise the temperature to a steady 85°C without §5
| cooling apparatus. This rating can be increased hy additional cooling such as K
e blowers, heat sinks, or water cooling. :',,
< 202,1.1.2  Use of Large Conductors N
A ‘
| When using large conductors for better heat dissipation, care o3
5 should be taken to avoid excessive mechanical lcading by these conductors. y
} 202.1.2 DERATING REQUIREMENTS FOR STYLE CG60 ?ﬁ
! The voltage shall be derated according to the derating curve L?.
! shown in Figure 200.8. The ambicnt temperature shall be limited to the
'l derated maximum value as shown in Figure 200.8. ‘
e
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203 CAPACITORS, GLASS DIELECTRIC ]

L) ‘\'
2031 MIL-C-14409, CAPACITORS, VARIABLE (PISTON TYPE, TUBULAR TRIMMER), . ?:

(STYLE PC) _ @@ 4
203.1.1 APPLICATION CONSIDERATIONS r-

{

These capacitors are small-sized, sealed, tubular trimmer, '

variable capacitors designed for fine tuning adjustments. They are normally .

used for trimming and ~oupling in such circuits as intermediate frequency, ﬁggp )

radio frequency, oscillator, phase shifter, and discriminator stages. N !

_f 203.1.1.1 Stability
. Because of thelr low mass, these cavacitors are relatively stable

- praaet T

= against shock and vibration, e
203.1,1.2  Linearity and Backlash - N
The capacitance change is linear with respect to rotation within 1)
' +10 percent. Backlash {is virtually non-existent except on Styles PC39 and )
: PC43 which can have a backlash of 2 percent, 3
) 203.1.1.3 Torque
: For styles PC25 and PC26 capacitors, the driving torque is - 
‘ between 0.5 and 6.0 ounce-inches throughout the temperature range (-55°C to A
‘ +125°C); and 1 to 10 ounce-inches at all other temperatures within the "y
! operating temperature range. u f
b 203.1.1.4 AC Operation ‘!‘ !
; In ac operation, the sum of the peak ac voltage aﬁd any dc bias F.
! shall not exceed the voltage derating value. (3

203,1.2 DERATING REQUIREMENTS FOR STYLES PC 25, 26, 39, 43, 48, 52

The voltage shall be derated according to the derating curve
h shown in Figure 200.9. The ambient temperature shall be limited to the
) derated maximum value as shown in Figure 200.9.
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DERATING REQUIREMENTS FOR STYLES PC 25, 26, 39, 43, 48, 52

203.1.3° ~ DERATING REQUIREMENTS FOR STYLES PC 38, 40, 42

The voltage shall be derated according to the derating curve
shown in Figure 200,10, The ambient temperature shall be 1imited to the
derated maximum value as shown in Figure 200,10, - )
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FIGURE 200.10
DERATING REQUIREMENTS FOR STYLES PC 38, 40, 42

203.1.4 Construction

Styles PC25 and PC26 capacitors are constructed with a series of
concentric circular metal bands forming plates which interlrive. The
capacitance is varied by adjustment of the relative depth of engagement of the
metal bands. A1)l other style capacitors are constructed of glass or quartz
dielectric cylinders and metal tuning pistons. A portion of the cylinder is
plated with metal to form the stator. The metal piston, controlled by a
tuning screw, acts as the rotor. Overlap of the stator and rotor determines
the capacitance. The self-contained piston within the dielectric cylinder
functions as a low inductance coaxial assembly.

203.2 MIL-C-23269, CAPACITORS, FIXED, GLASS DIELECTRIC, ESTABLISHED
RELIABILITY, (STYLE CYR)
203.2.1 APPLICATION CONSIDERATIONS

These capacitors are intended for use where high insulation
resistance, low dielectric absorption and fixed temperature coefficients are
important circuit parameters. They are particularly useful in high frequency
applications. They are capable of withstanding environmental conditions of
shock, vibration, acceleration, extreme moisture, vacuum, extended 1ife of
30,000 hours or greater, and high operating temperatures experienced in
missile borne and space electronic equipment.

200-16




203,2.1.1 Capacitance Tolerance

L} ? “r'\'z

o

@ These capacitors come with tolerances of + 0.25 pf, + 1 percent,
+2 percent, and +5 percent. However, regardless of purchase tolerance, the

. , design should be able to tolerate a +1 percent change in capacitance value to
» (R assure long 1ife reliability in military applications.

-~

;)

Y
f L
. 203,2.1.2  Operating Frequency o
f @ These capacitors perform very well at high frequencies up to 4
500 MHz with a typical operating frequency of 100 kHz to 1 GHz. _
7 203.2.1.3  Temperature Coefficient and Capacitance Drift . )
| i :' .
; These capacitors are available with three temperature o
e - coefficients. For the axial lead capacitors, the temperature coefficient is
* 140 + 25 PPM/°C (for style CYR41), For the axial-radial lead capaciters, the -
- temperature coefficient is 105 + 25 PPM/°C. The capacitance drift is "
Cl + 0.1 percent cr 0.1 pf, whichever is greater, for all capacitors. ;
¥ 203.2.1.4  AC Operation | o 3
5 : When ac operation is required, the peak ac voltage plus any dc "
1 bias shall not exceed the value established by the derating requirements. , (<
| : by
' 203.2.1.5  Shock Cf
X v’ g Although these capacitors are resistant to high acceleration oLl
L 6_) loads during acceleration, they are susceptible to damage from mild mechanical >
shocks. Necessary care should be taken in such applicatfons.
| 203.2.1.6 Quality Factor "Q" 4
: ' = Y
These capacitors exhibit a much higher “Q* factor over a wider o
capacitance range than mica dielectric capacitors where "Q" is the ratio of .
reactance to effective resistance. ‘
203,2.2 DERATING REQUIREMENTS FOR STYLES CYR 10, 13, 15, 17, 20, 22, 30, '.
3¢, 41, 51, 52, 53 3
R The voltage shall be derated according to the derating curve Y
- Qt} shown in Figure 200,11. The ambient temperature shall be 1imited to the ".",
- N derated maximum value as shown in Figure 200,11, '
i ‘
' oy R
2.-07 o
S
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203.2.3 QUALITY LEVEL

Only ER level "P" or higher shall be used.
204 CAPACITORS, ELECTROLYTIC
204.1 GENERAL INFORMATION

\
A
\

Electrolytic capacitors are smallest in size and cost for a
specific capacitance and voltage rating. Although these capacitors are
available with high capacitance values, the initial tolerances are large.
These capacitors cannot be used where close tolerances are required.

—_—
P

204,2 APPLICATION CONSIDERATIONS "’Q E
(NS )
204.2.1 SHELF LIFE R‘
Most tantalums have excellent shelf 1ife characteristics. Shelf d
1ife of aluminum, however, 1is limited because the film dissolves in the » !
electrolyte. Tantalum style CLR65 capacitors shall not be used without the g;‘\\gig .
approval of the procurement agency. ¥ \
204,2,2 CASE
The largest possible case size should be used for a given IR ¢
capacitur voltage rating as this provides thicker oxide dielectric, lower A%
equivalent series resistance, lower dissipation factor, better heat
200-18
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dissipation, and greater capacitance stability. Only hermetically sealed
units shall be used since the penetration of moisture could affect the

| % electrolyte.

204,2,3 USE

These capacitors are not suitable for application in low pressure
E high altitude environments, Many of these capacitors are polarized and shall
LN not be subjected to reverse bias voltages beyond the 1imits specified in the
'eﬁﬁ? derating section and the appropriate section of Table I.

- 204.2.4 QPERATIMG FREQUENCY

T Generally, the filtering capability of these capacitors 1is
T, A limited to frequencies below 10 KHz. Above 10 KHz, the effective capacitance
g rapidly decreases until the capacitor becomes purely resistive.

204,2,5 QPERATION IN PARALLEL

When these capacitors are operated in parallel, the ripple or
surge currents for each shall not exceed the recommended 1imit. The currents
will not divide evenly due to the difference in internal 1mpedances and this
shall also be considered in parallel applications.

204.2.6 TANTALUM CAPACITOR CONSIDERATIONS
204,2,6.1 Series Impedance

. 6} These capacitors shall have & series impedance of at least
- 3 ohms/volt. This will allow the capacitor to self-heal due to its internal
' : scintillation breakdowns, If the current is 1imited to 330 mA when the
capacitor 1s momentarily shorted, this will also satisfy the requirement.

204.2,6.2 Assembly Considerations

-

When solid electrolytic capacitors are used in parallel banks,
series 1imiting resistors should be installed with each capacitor to prevent
discharge of the entire bank into a scintillation fault. When the capacitors
are used in series, balancing resistors should be used to assure proper
division of voltages. When they are used in banks, they should be assembled
in ecasily removable modules to facilitate replacement and test.

%&ﬁ? 204.2.6.3  Ripple Current

The ripple current in all capacitors shall be 1imited to values
which do not bring the temperature above the derated rating. When capacitors
are used in banks 1t 1s cautioned that the capacitor with the lowest
equivalent series resistance will carry the largest ripple current. For foil
and solid electrolytic capacitors, the allowable ripple current shall be
derated to 70 percent of the manufactuirer's maximum ripple current rating.

‘o .
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X

204,2.6.4 Reliability Considerations

a. For highest reliability, polarized capacitors shall be
protected or applied so that voltage reversal never exceeds 2 percent of the $S§§

".t'c- G,

‘ maximum voltage rating. The combined ac and dc voltages shall be analyzed to
insure that the worst case conditions do not cause voltage reversals beyond
the specified value.

-V
" m

b, The applied voltage and operating temperature shall be
1imited to the derated values as specified by Table I and the appropriate TN
derating section of this document. L

204,2,7 ALUMINUM ELECTROLYTIC CONSIDERATIONS

et

q Aluminum electrolytic capacitors are intended for use in filter,

4 coupling and bypassing applications where lar?e capacitance values are N
* requireddin small cases, and where high capacitance tolerances can be ﬁ:w»
tolerated.

“ Aluminum electrolytic capacitors have in the past experienced

) deterioration of the oxide film when operated at 1ess than rated voltage for

. prolonged periods of time. The oxide film deformed to a lower voltage and the
capacitor would be destroyed upon application of full rated voltage. This

: phenomena would also occur if the capacitors were stored for a long period of

i time, particularly at high temperature. If the capacitors have been in

storage for longer than 5 years, however, it is recommended that the

capacitors be checked for leakage prior to being used in the circuitry.

N 204.3 MIL-C-39003, CAPACITORS, FIXED, ELECTROLYTIC (SOLID ELECTROLYTE), .

' TANTALUM, ESTABLISHED RELIABILITY, (STYLE CSR) ”
“J 204.3.1 APPLICATION CONSIDERATIONS

N

R

These capacitors are intended for use where high capacitance in a '
small volume 1s required. Applications include low frequency fiitering, -
bypassing, coupling, blocking and energy storage. They have excellent shelf
1ife. These capacitors are hemetically sealed. h

204.3.1.1 Temperature Coefficient

o e >
» % 2

Because of their passive electrolyte being solid and dry, these
capacitors have a lower capacitance-temperature characteristic than any of the

other electrolytic capacitors. ey
Wy
204,3.1.2 Dielectric Absorption .y

These capacitors exhibit the characteristic of dielectric !
absorption whereby a voltage across them will reappear after they have been !
shorted. This should be considered in their use in RC timing circuits, o
triggering systems and phase-shift networks. e

204,3,1.3 Reverse Voltage

These capacitors shall never be exposed to dc or peak ac voltages
greater than 2 percent of their maximum rated dc voltage in the reverse of the \
normal polarization. o
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204,3.1.4 Mounting

Supplementary mounting means should be used where the application
of these capacitors involves vibration frequencies above 55 Hz.

204,3.2 DERATING REQUIREMENTS FOR STYLES CSR 13, 21, 91

The voltage shali be derated according to the derating curve
shown in Figure 200,12, The ambient temperature shall be limited to the
derated maximum values as shown in Figure 200.12. For polarized capacitors,
ghe p?ak reverse volitage shall not exceed 2 percent of the maximum rated

¢ voltage. -

4
50
[ ]
B ]
]
@ a0l ;
P N '
a8 !
; 30t MAXIMUM ALLOWABLE DERATING CURVE wemtmr
LLJ p=
g
_ 20T
i
w - ]
(&3 [
&‘ 10 - -----nun-——u-nﬁ-‘-'_—-/---------- - A s e e e e
{ 1 | { | | | 1 | | { | | l { 1 § | { |

00— 10 20 30 40 50 . 60 70 808590 100 10116
AMBIENT TEMPERATURE (°C)

FIGURE 200.12
DERATING REQUIREMENTS FOR STYLES CSR 13, 21, 91

204.3.3 QUALITY LEVEL
Only kR Yevel “P" or higher shall be used.
204.4 MIL-C-39006, CAPACITORS, FIXED, ELECTROLYTIC (NON-SOLID
ELECTROLYTE) TANTALUM, ESTABLISHED RELIABILITY (STYLE CLR)
204.4.1 APPLICATION CONSIDERATIONS

These capacitors are recommended for use where high capacitance
is required in a small volume, at medium to high voltages. The non-solid
(“wet") electrolyte capacitors fall into three broad categories, which vary
substantially 1n pertinent characteristics.
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204.4.1.1 Plain Foil (Styles CLR35 and CLR37)

These capacitors are characterized by their high voltage ratings
(up to 450 volts). They are comparatively larger than the sintered slug or
etched foil styles for a given capacitance value and have only moderate
purchase tolerances (+20 percent).

204.4.1.2 Etched Foil (Styles CLR25 and CLR27)

These capacitors provide substantial improvements in volumetric
efficiency over the plain foil styles, and are available in higher voltage
ratings than the sintered slug styles. They are characterized by extremely
high capacitance values (up to 580 micro farads) but have broad purchase
tolerances (+75 percent to -15 percent).

204,4.1.3 Sintered Slug (Type CLR79)

These styles utilize tantalum cases. The CLR79 does not require
the silver plating and the tantalum case is impervious to attack by H2S04.

204.4.1.4 Life Tolerance

As described above, these capacitors come with various tolerances
from =15 percent to +75 percent., However, regardless of the purchase
tolerance, the design should be able to tolerate an additional 10 percent
reduction in capacitance as compared to the initial value, to compensate for
the c¥$u1at1ve effects of temperature and aging over the 1ife of these
capacitors.

204.4.1.5 Polari zation

CLR style capacitors are polarized except for styles CLR27 and
CLR37. Non-polarized styles are primarily suitable for ac applications or
where dc voltage reversals can occur, Examples of these uses are in:
(a) tuned low-frequency circuits; (b) phasing of low voltage ac motors;
(c) computer circuits and (d) servo systems.

204.4.1.6 Series Operation

Whenever these capacitors are connected in series for higher
voltage operation, a resistor shall be in parallel across each unit. Unless a
shunt resistor is used, the dc rated voltage can easily be exceeded on the
capacitor in the series network depending upon the capacitance, the average dc
leakage and the capacitor construction.

204,4.1.7 Parallel Operation

When these capacitors are operated in parallel, care shall be
taken to assure that the sum of the peak voltage ripple and the applied dc
voltage does not exceed the dc rated voltage. The connecting leads of the
paraliel network should be large enough to carry the combined currents without
reducing the effective capacitance resulting from series lead resistance.
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204,4,1.8 High Capacitance Series

, It is not recommended to select the highest capacitance value
A available for a given voltage rating and case size., In some of the

. MIL-C-39006 detail specifications, these capacitors are flagged by an "*",
L Reasons for not selecting these capacitors are:

: (a) They represent the ultimate in the capability of the
Y, manufacturing process, and are thus Tess predictable, and inherently less
: reliable.

@
>
-

(b) They are typically much more expensive than the lower
capacitance values in the same voltage rating and case sizes.

g (c) In the manufacture process, the "forming" voltage will
@@g@ generally be lower (as a ratio of the rated operating voltage) than for lower
capacitance values, providing a lesser margin of safety.

il (d) They will typically exhibit a greater decrease of capacitance
o at low temprature, and thus provide only an {1lusion of higher capacitance in
f the actual operating environment.

! 204,41.9  Hermetic Seal

i Only hermetically sealed capacitors shall be used. The use of
the 1iquid or gelled electrolyte absolutely precludes the use of non-hemetic
types. The non-hermetic types have been proven unreliable because the

L, electrolyte can escape, efther in a 1iquid or gasecus form, reducing the

‘!ij capacitance and causing catastrophic failure under extended exposure to

military service environments. :

204,4,1,10 Restricted Use of Wet Slug Tantalum Capacitors

The order of preference for the selection of the types described
above 1s as follows:

(a) Sintered Slug, Tantalum Case (Style CLR79)
(b) Plain Foil (Styles CLR35 and CLR37)
(c) Etched Foil (Styles CLR25 and CLR27)

: Wet slug tantalum capacitance cannot be used on Naval Air Systems
T Command Programs without approval of the procuring agency. Wet slug

A
.ltj

' capacitors other than MIL-C-39006/22 (CLR79) shall not be used on other
. programs without approval of the procuring agency.

204.4,2 DERATING REQUIREMENTS FOR STYLES CLR 25, 27, 35, 37, 79
ey The voltage shall be derated according to the derating curve
&t'* shown in Figure 200.13. The ambient temperature shall be 1imited to the

derated maximum values as shown in Figure 200.13. For polarized capacitors,

the peak reverse voltage shall not exceed 2 percent of the maximum rated
dc voltage.
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FIGURE 200,13
DERATING REQUIREMENTS FOR STYLES CLR 25, 27, 35, 37, 79
204.4,3 QUALITY LEVEL e
=
Only ER level “P" or higher shall be used.
204.5 MIL-C-39018, CAPACITORS, FIXED, ELECTROLYTIC (ALUMINUM 0XIDE);
(STYLE CUR), ESTABLISHED RELIABILITY AND (STYLE CU),
NONESTABLISHED RELIABILITY
204.5.1 APPLICATION CONSIDERATIONS
These capacitors are generally used for filtering low frequency,
pulsating, dc signal components in B power supplies up to 400 Vdc. These
capacitors are used at such points &s plate and screen connections to B+, and
as cathode bypass capacitors in self-biasing circuits. These capacitors are o
designed for applications where variations in capacitance are relatively i)
unimportant, et
204,5.1.1 Operating Frequency
These capacitors are recommended for use in the frequency range A
of 60 to 10,000 Hz. (oW
204,5.1.2 Polari zation
Styles (CUR13, CUR17, CUR19, CUR71 and CUR91) are polarized. In
applications where reversal of polarity occurs, only CU15 shall be used. The a
polarized capacitors (CUR13, CUR17, CUR19, CUR71 and CURS1) shall be used only <%
200-24
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in dc circuits with polarity properly observed. Style CUR13 and CUR17 have a
3-volt reverse voltage limitation for units rated at 10 volts or greater.

L Styles CUR19, CUR71 and CUR91 have reverse voltage limitations of 1.5 volts.
AL If ac components are present, the sum of the peak ac voltage Elus the applied
8 dc¢ voltage shall not exceed the derated value. The proper polarity shall be

maintained even on negative peaks, to avoid overheating and damage.
204,5.1.3 Seal

!n Even though these capacitors have vents designed to open at
dangerous pressures, explosions can occur because of gas pressure build-up or
a spark ignition of free oxygen and hydrogen liberated at the electrode.
Provisions should be made to protect surrounding parts.

o, 204.5.1.4  Environmenta) Conditfons

These capacitors should not be subjected to low barometric
pressures and low temperatures. Therefore they shall not be used for airborne
applications without prior approval by the procuring activity.

204,5.1.5 Surge Voltage

The surge voltage is the maximum voltage to which the capacitor
shall be subjected. This includes transients and pzak ripple at the highest
1ine voltage, For maximum relfability and long life, the dc working voltage
should not be more than 60 percent of the full voltage rating so that surges
can be kept within the full-rated working voitage. Surge-voltage application
should not occur more than 30 seconds every 10 minutes.

LI 204.5.1.6 Cleaning Solvents

. Recommended solvents include those free of halogen or halogen
groups, si¢ch as toluene, menthanol, methylcellosolve, -alkinox and water, and
naphtha. Chlorinated or fluroinated hydrocarbon solvents shall not be used
for cleaning these capacitors.

204.5.2 DERATING REQUIREMENTS FOR STYLE CUR 7

The voltage shall be derated according to the derating curve
shown in Figure 200.14. The ambient temperature shall be 1imited to the
derated maximum values as shown in Figure 200.14. For the polarized

R, capacitors, the peak reverse voltage shall not exceed 2 percent of the maximum
R rated dc voltage.

N
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FIGURE 200.14
DERATING REQUIREMENTS FOR STYLE CUR 71

204.5.3 DERATING REQUIREMENTS FOR STYLES CUR 17, 19, 91

The voltage shall be derated according to the derating curve
i shown in Figure 200,15, The ambient temperature shall be limited to the
8 derated maximum values as shown in Figure 200,15, For the polarized
F, capacitors, the peak reverse voltage shall not exceed 2 percent of the maximum
rated dc voltage.
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( ‘3 204,5.4 DERATING REQUIREMENTS FOR STYLES CUR13 AND CU15 '
f The voltage shall be derated according to the derating curve a
r shown in Figure 200.16. The ambient temperature shall be limited to the o
' derated maximum values as shown in Figure 200.16. For polarized capacitors, A
: the peak reverse voltage shall not exceed 2 percent of the maximum rated N
! dc voltage, .
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- DERATING REQUIREMENTS FOR STYLES CUR13 AND CU15
204,5,5 QUALITY LEVEL .
3 Only ER level “P" or higher shall be used. '&E.
Uy
5\ 205 CAPACITORS, MICA DIELECTRIC, FIXED
5 205.1 APPLICATION CONSIDERATIONS
205.1.1 CONSTRUCTION

fa -

0 Both glass and mica capacitors have high capacitance per unit
0l volume or mass with the glass usually having a wuch higher capacitance to its
by volume/mass ratfo than the mica. Bodies of these capacitors are often made of
- dielectric material and sre capable of resisting moisture to a large degree.

T These capacitors are very brittle due to their construction and materials used ..o,
i and may be damaged by high shock or vibration. B
W 205.1.2 OPERATING FREQUENCY
t These capacitors perform well at high frequencies up to 500 MHz,
2 v
- 205.1.3 AC_OPERATION Vi
sn
RN When ac operation is required, the peak ac voltage plus any dc
L% bias shall not exceed the derated values obtained from derating guidelines,

Where transients are encountered, the effects of these transienis shall also i

A be taken into consideration when selecting capacitors. C;t;§
£ hot
.4 200-28
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205.1.4 ENVIRONMENTAL CONSIDERATIONS

i | o Silvered-mica capacitors should never be subjected to dc voltage
e i stresses in combination with high humidity and high temperatures for extended
; periods due to silver-ion migration effects,

. 205.2 MIL-C-10950, CAPACITORS, FIXED, MICA DIELECTRIC, BUTTON STYLE,
; (STYLE CB) -
T8 w0520 APPLICATION CONSIDERATIONS

These capacitors are intended for use at frequencies up to
500 MHz. Their principal uses are in tuned circuits, and in coupling and
. bypassing applications in VHF and UHF circuits. These capacitors are small,
O are very stable over time and have high reliability in circuits where ambient
ﬁ%&; cgndit}ons can be clcsely controliled to reduce failure from silver-ion
" migration.

205.2.2 DERATING REQUIREMENTS FOR STYLE CB50

R The voltage shall be derated according to the derating curve
[ ! shown in Figure 200.17. The ambient temperature shall be 1imited to the
: derated maximum value as shown in Figure 200,17,
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205.2.3 DERATING REQUIREMENTS FOBR STYLES CB 55-57, 60-62, 65-67

4
oy The voltage shall be derated according to the derating curve _
A shown in Figure 200,18, The ambient temperature shall be limited to the ?EE?
o derated maximum value as showr in Figure 200.18, &
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) DERATING REQUIREMENTS FOR STYLES CB 55,

") i6, 57, 60, 61, 62, 65, 66, 67

ny
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o 205,2.4 CONSTRUCTION

jg These capacitors are hermetically sealed by glass except

[ Style CB50 which 1s resin sealed.

fﬁ 205.3 MIL-C-5, CAPACITORS, FIXED, MICA DIELECTRIC, (STYLE CN)

" AND

'5 MIL-C-39001, CAPACITORS, FIXED, MICA DIELECTRIC, ESTABL ISHED Qgﬁ%
. RELIABILITY, (STYLE CMR] '
- 205,3.1 APPLICATION CONSIDERATIONS

F: These capaciters are designed for use in circuits requiring Ly

J% precise high frequency filtering, bypassing, and coupling. They are used 11}?
o where close impedance 1imits are essential with respect to temperature,

g frequency, and aging -- such as in tuned circuits which control frequency,

o reactance, or phase. These capacitors are also useful as padders in tuned

) circuits, as secondary capacitance standards, and as fixed-tuning capacitors

% at high frequencies. They can also be employed in delay 1ines and stable RN
: low-power networks. AN
¥ 200-30
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Due to the inherent characteristics of the dielectric (i.e., high
insulation resistance and high breakdown voltage, low power factor, low
inductance, and low dielectric absorption), these mica capacitors are small,
have good stability and high reliability.

205.3,1.1 ‘Capacitance Tolerance

C These capacitors come with tolerances of +0.5 pf, +1 percent,
+2 percent and +5 percent, However, regardiess of the purchase tolerance, the
design should tolerate a +0.5 percent change in capacitance value to assure
long 1ife reliabitity in military applications.

205.3.1.2 Operating Frequency

L5 ' These capacitors perform very well at frequencies up to 500 MHz
'-Gﬁﬁﬁ with a typical operating frequency range of 10 kHz to 500 MHz.

205.3.1.3  Insulation Resistance

These capacitors have very high insulation resistance and low
dissipation factors.

205.3.2 DERATING REQUIREMENTS FOR STYLES CM35 AND CMRO3

' The voltage shall be derated according to the derating curve
shown in Figure 200,19, The ambfent temperature shall be 1imited to the
’ derated maximum value as shown in Figure 200.19. These derating requirements
|]fm o?%%‘gpp1y to those capacitors having a rated temperature range of -55°C to
N + .
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